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WILFLEY 


e Wilfley Special High Head Sand Pumps 
play an important role in the successful reclamation 
program of the Hawaiian Commercial & Sugar Co. 


e Each year, at the Puunene Mill, 36 to 40 acres of 
by useless, sandy waste land are transformed into 
)) productive ground for sugar cane cultivation. 


e Soil, removed from mechanically harvested cane 
by washers, is settled to a sludge of 15% to 

25% solids. This sludge, together with a sludge of 

repulped filter cake, is pumped to the diked waste 
area. When dry, there remains a2 to 3-ft. layer of 

reclaimed cultivable topsoil over the coral sands. 


e WILFLEY Pumps, operating on a 24 hour-a-day, 
trouble-free schedule perform the tremendous 

task of delivering 300- 500 G.P.M. of cane washer 
wastes through 2 miles of 6" pipeline to the 
reclamation area. Asa result, wastes which formerly 
resented a costly disposal problem, are now 
onverted into revenue-producing land 


uy rugged, 

eavy-duty Wilfley Pumps 
henever the job calls for the 
efficient and economical 
handling of sludges, slimes, 
slurries or sands. The new 
WILFLEY Mode! 
Centrifugal Sand Pump. 
embodying many important 
mechanical improvements, 
delivers higher efficiencies, 
stepped-up production, 
worthwhile power savings and 
lower operating costs. Easy 
interchangeability of wear 
parts Low maintenance costs 
Every application individually 
engineered Write or wire for 
complete details 


A. R. Wilfley & Sons, inc. 
Denver, Colerede, USA. 


New York Office: 1775 Breedwey, 
New York City 


Wilfley Special High Head Pumos 
in operation at the Puunene Mill of the 
Howeiion Commercial & Sugor Co 


Upper Reclaimed lond 
under cultivetion 


Center Diked reclamation oreo 


Bottom: Woste lond to be 
recloomed 
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Every Eimco Loader will give you all three; speed, depend- 
ability and efficiency plus many other exclusive advantages. 
There are also many hidden benefits in owning and operating 
your Eimco. These benefits come from our experience in pioneer- 
ing and as leader in the mechanical loading field. These benefits 
are your short cut to better service and larger savings. We might 
call it “Loading Engineering.” 

lt means that your loader will fit your track gauge, the 
coupler will couple and hold your car. The bucket will load your 
car full, all the way back, r than any other machine of 
comparable size and countless other things taken altogether 
mean, greater savings to you. 

These engineering benefits are yours when you buy Eimco, 
they speed your loading, eliminate down time and put more 
profits in your pocket. 

Write for more information on Eimco Loaders. 


As 


‘PROGRESS IN EXPLOSIVES .. 


EXPLOSIVES PARADOX 


Don’t be misled by the “old style’’ mule. This is a scene 
at an up-to-date dynamite plant. ‘“‘New style” is the mod- 
ern air conditioning equipment shown in the background. 


Air conditioning enables Hercules to control atmospheric con- 
ditions while the dynamite is being packaged behind the barri- 
cade. In other words, it keeps your powder dry. 

This is another example of Hercules pioneering that gives you 
better made explosives with better blasting efficiency. 


Chart shows relative stability of dynamite 
prices since 1935, as compared with prices of 
other manufactured goods. 1935-39 values= 100. 


HERCULES POWDER COMPANY 


Explosives Department, 955 King St., Wilmington 99, Del. xRE2-6 
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MODEL 40-C 


THE BEST MACHINE 
for Most Core Drilling Jobs 


This is our latest model — designed for highest 
possible percentage of good core recovery on jobs 
up to 1000 ft. in depth ("s" core) no matter how 
severe the operating conditions. Rugged con- 
struction, liberal use of alloy-steel parts and anti- 
friction bearings throughout, permit long periods 
of high-speed drilling at minimum expense. Other 
modern machines and a complete line of improved 
accessory equipment provide for every drilling 
and sampling requirement, Write for catalog. 


CONTRACT DRILLING 


Resides being manufacturers, we are one of the oldest 
and largest contractors for 
any type of Core Drilling, 
including Grout Holes and 
Grouting. Sixty years of 
successful experience, super- 

lor equipment and ample fi- 
nancial resources, assure sat- 
isfactory results. Estimates 
submitted promptly on re- 
quest without obligation. = 


“TRUCAST" BORTZ 
DIAMOND BITS 


have proved their superiority for 
years in all types of rock forma- 
tion. Available in a wide variety 
of standard and special types rang- 
ing from 1',” to 74,” in diameter. 
All bits set with first-grade 
African bortz unless otherwise 
specified, Bulletin 44-A gives com- 
plete information. 


SPRAGUE & HENWOOD, Inc. 


Dept. ME SCRANTON 2, PENNA. 


See our four-page insert in the Mining Catalogs 
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—— Letters to the Editor 


Not Self-sufficient, But Largest 


One item of general interest in Mrintnc ENGINEERING 
Trends, May 1952 gives the wrong impression of the 
scale of the ilmenite operations in North Carolina. It 
also implies there are known deposits of rutile which 
“guarantee self-sufficiency for many years.” So far as 
we know this is not true. At present, rutile is in such 
short supply in the United States that the Defense 
Mineral Authority is encouraging prospecting for new 
deposits. So far none have been found of any conse- 
quence and our needs have to be met largely from the 
deposits near Jacksonville, Fla. and rutile imported 
from Australia. 


JAY P. WOOD 
VICE-PRESIDENT 
HUMPHREYS GOLD CORPORATION 


The reference to self-sufficiency was meant to apply 
to the ilmenite-bearing sands, not rutile, but improper 
phrasing failed to make this clear. However, the press 
release that the Glidden Co. circulated stated that this 
deposit of ilmenite was one of the largest in North 
America.—Editor 


Pennsylvania Tackles Stream Pollution 


You will recall my article on Municipal-Water Needs 
vs Strip Coal Mining, MINING ENGINEERING, May 1949. 

Some of the points made therein included the follow- 
ing: Removal of top soil and its later replacement over 
the strip-mine operation; all acid-forming materials, 
shale, clay, subsoil at bottom of pit; compaction of sub- 
soil so replaced; contouring of ground after pit filled 
to get natural drainage and good run off; and planting 
of trees and grass on the replaced top soil. 

The Pennsylvania Sanitary Water Board has recently 
shown sufficient faith in this approach to elimination 
of acid mine water in strip coal mining to issue rules 
for the guidance of mine operators as an experiment to 
see if the approach works. These rules include the 
preceding plus the following: Limit exposure of coal 
to 500 ft; do not let rain water accumulate in pools; 
drain or pump out all sources of underground water 
instead of blanketing it out as suggested in my article; 
and compacting the subsoil in layers of 4 ft as re- 
placed. The experiment is worthwhile if Pennsyl- 
vania is to have clean streams in the vicinity of strip- 
mine operations. 


GEORGE M. DEXTER 
32 FENIMORE ROAD 
SCARSDALE, N. Y. 


We wish to thank Mr. Dexter for his letter giving 
details of the action of the Pennsylvania Sanitary 
Water Board. It is always interesting to have details 
of concrete action which highlight theories presented 
in articles and transactions—Editor. 
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Pre-testing in Lab ELIMINATES 
GUESSWORK for Projected Process 


PROBLEM... 
A mining company wanted to know if lightweight aggregate could 
be produced profitably from material avalable ina company-owned 
deposit. 
“Can a product be made that will meet commercial aggregate 
cal?” The customer wanted answers to these questions before 
going ahead with full-scale operations. 


WHAT WAS DONE... 


A sample from the shale deposit was sent to the Allis-Chalmers 
Process Research Laboratory. Tests in the Laboratory's 15-ft rotary 
kiln and gyratory crusher indicated that the product would meet 
the highest aggregate standards . . . and that the process would 
yield a healthy margin of profit. 


RESULT... 


This company was able to set up operations on a commercial scale 
with the assurance that the product would be readily salable . . . 
and with a complete knowledge of the costs involved. 


The Laboratory's complete facili- 
ties for chemical and physical anal- 
ysis have also been used profitably 


ARE AVAILABLE FOR 
Research 


invaluable experience in engineer- 


Laboratories 


sentative in your area or by writing 
Allis-Chalmers Research Labora- 


ALLIS-CHALMERS 


07861198. 
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MEN AVAILABLE ——— 


Executive Engineer, 37, married, 3 
children. Now Resident Manager 
nonmetallic underground mine and 
processing plant. Management and 
operational experience in gold, cop- 
per, zine, limestone and lime prod- 
ucts manufacture. Mine plant design 
and construction, underground mines 
and quarries. Excellent references. 
Currently employed but available 
reasonable notice. Prefer U.S. M-687- 
426-E-5-San Francisco. 


Metallurgical Engineer, 29, mar- 
ried, one child, B.S. Metallurgical 
Engineering. Five years’ practical 
experience in milling and laboratory 
research. Available thirty days. Pre- 
fer West or Southwest U.S.A. M-689- 
522-E-1-San Francisco. 


Experienced Mining Engineer, uni- 
versity graduate, 40, married. Twenty 
years’ experience all phases metal 
mining, past 13 years as manager; 
excellent cost and safety record 
Available short notice. Best refer- 
ences and complete professional rec- 
ord available upon request. M-690. 


Mining Engineer, 47, married, re- 
cent geology graduate, with super- 
visory experience underground and 
quarries, seeks western states posi- 
tion establishing residence. Current 
and past two years’ employment was 
minerals exploration and develop- 
ment with both field and office 
studies. Varied productive back- 
ground, has sustained health and in- 
terests. M-691 


—— POSITIONS OPEN 


Director of Engineering for an en- 
gineering institute, 30 to 40, with 
Doctorate in mining, chemical, elec- 
trical or mechanical engineering. 
Must have good experience in re- 
search, preferably industrial, and a 
good teaching record. Salary, $6000 
to $7000 a year. Location, South. 
Y7166. 
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Geological Draftsman, 25 to 30, 
with some experience in working 
with a geologist. Salary, $5100 a year. 
Location, New York, N. Y. Y7153. 


Assistant Chief Engineer, about 40, 
with experience in mining and/or 
chemical plant operations, Should 
have experience with shovels, hy- 
draulic grinding and classifying. Sal- 
ary open. Location, Florida. Y7109. 


Research and Development Engi- 
neer to lead program directed toward 
concentration and recovery of min- 
erals from nonferrous ores. The exist- 
ing facilities are principally concern- 
ed with electro-static and electro- 
magnetic separations and milling and 
classifying operations. Should have 
ability to plan and execute a program 
with the above objectives in mind. 
Should have sound technical train- 
ing, with a few years’ experience in 
research and development work in 
this field, and preferably some pro- 
duction experience. Location, Penn- 
sylvania. Y7091. 


Mining Engineer experienced for 
three mining enterprises located in 
the U. S. (a) Mining Engineer for a 
zine and lead mine in Colorado. This 
is a shaft operation and will require 
refimbering of the old shaft. Will re- 
quire installing all necessary equip- 
ment for mine camp, etc. Eventually 
a concentration mill. (b) Mining En- 
gineer for gold-silver mine in the 
State of Washington. Some up-raise 
development work must be done. Mill 
will be installed to produce bullion 
when metallurgical process has been 
worked out by top-rank metallurg- 
ical engineers. (c) Mining Engineer 
for silver-gold prospect in Idaho 
This is a shaft sinking job with levels 
run at proper intervals to develop 
ore tonnages. Salaries open. Y7088. 


Mill Superintendent with some ex- 
perience in nonmetallic minerals, 
particularly diatomaceous earth. Sal- 
ary open. Location, Washington State. 

7075. 


General Manager, 35 to 45, with at 
least ten years’ mining or construc- 
tion, plant engineering and indus- 
trial management experience in Latin 
America. Salary, $12,000 to $15,000 a 
year plus bonus. Location, South 
America. Y6882. 


Chief Warehouse Superintendent, 
35 to 50, with at least ten years’ in- 
dustrial and mining equipment ex- 
perience, to supervise inventory rec- 
ords, schedule purchases, plan eco- 
nomical handling of receiving, ship- 
ping of machinery, tools, parts, ma- 
terials, foods, consumer goods, etc. 
Salary, $8000 to $10,000 a year. Must 
speak Spanish. Location, South 
America. Y6784. 


Mining or Metallurgical, graduate, 
not over 28, with degree in mineral 
dressing engineering, preferably with 
one or two years’ experience in the 
milling of metals for sales contact 


work. Prefer single man. Salary, 
$4800 to $5400 a year. Location, New 
York, N. Y. Y6494. 


Engineers. (a) Mine Foreman with 
at least three years’ underground ex- 
perience for lead-zinc operation. Sal- 
ary, $4800 a year plus housing and 
family accommodations. (b) Shift 
Boss preferably engineering grad- 
uate, with underground experience. 
Salary, $4200 a year plus housing and 
family accommodations. Must speak 
Spanish. Location, Peru. Y6679. 


Mining Engineers. (a) Assistant 
Superintendent, graduate mining en- 
gineer, young, with three to five 
years’ experience in underground 
supervision; experience in cut and 
fill stoping desirable. Single status 
preferred. Three year contract. Sal- 
ary, $5580 a year. Altitude, 13,500 ft. 
(b) Chief Engineer, graduate mining 
engineer, with three to eight years’ 
experience in surface and under- 
ground surveying, drafting and ore 
reserve calculations, planning of sur- 
face and underground installations. 
Three year contract. Salary, $5700 a 
year. Altitude, 13,500 ft. Location, 
South America. (c) Assistant Mill 
Superintendent, graduate metallur- 
gist preferred, with considerable 
milling experience in base metals. 
Should be first class maintenance 
man to supervise repairs in mill. Sal- 
ary, $6000 a year. Location, northeast 
of continental U. S. Y6530. 


FOR SALE: Diamond Core 
Drill Rig. Sullivan wheel 
mounted complete rig—$2,500. 
A bargain. 


Independent Stave Co. 
P.O. Box 104 Lebanon, Mo. 


NEW ORES DISCOVERED. WYOM- 
ING. One telluride vein 7 ft. wide, 
assaying $37.10 in gold to $49.70 in 
siiver. Two hornsilver veins, one 4 ft 
9 in., one 8 ft. Three galena veins, 
one 2 ft. wide; one 4-in., and one 8- 
in. vein. All widths given from out- 
crop on surface, assaying $200 up to 
$300; 22 to 120 oz. of silver, lead 80 
to 86%. Require $150,000 for equip- 
ment and payroll. Only two weeks’ 
work necessary to get ore in tunnels. 
Sixty miles to railroad. 


H. 8. HARDEE 
446 5S. Linden Ave. 
Sheridan, Wyoming 


The U. S. Atomic Energy Commission 
needs experienced geologists in its 
Division of Raw Materials in both do- 
mestic and foreign positions. Salaries 
—$5060 (GS-9), $5940 (GS-11), 
$7040 (GS-12), and $8360 (GS-13), 
depending on experience. Minimum 
experience three years. Civil Service 
stotus not required. Those interested 
should write to U. S. Atomic Energy 
Commission, 70 Columbus Avenue, 
New York 23, attention Robert D. 
Nininger, Div. of Raw Materials. 
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Here’s an efficient, dependable set-up for a job 
requiring 1200 cubic feet of air a minute — two 
CP Model 600 Diesel-driven PORTABLE AIR 


COMPRESSORS. 


Whenever less air is needed, however, the 
CP Gradual Speed Regulator takes care of 
smaller demands by reducing engine speed 
@ g € proportionately, minimizing wear and main- 


taining peak economy. 
The wide range of CP time-tested gasoline 
and Diesel-driven Portable Compressors — 
from 60 c.f.m. to 600 ¢.f.m. — permits the se- 
lection of the most suitable equipment for any 
particular kind of job. 


1cCAGO Pneumatic 
TOOL COMPANY Wf, 


PWEUMATIC TOOLS © AIR COMPRESSORS * ELECTRIC TOOLS * DIESEL ENGINES 
ROCK DRILLS © HYDRAULIC TOOLS * VACUUM PUMPS © AVIATION ACCESSORIES 
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Ingersoll-Rand 
CARSET JACKBITS 


offer you all these 
time saving, labor saving 
advantages for 
faster easier rock drilling 
in practically 
every type of ground 


Ingersoll-Rand | 


11 BROADWAY, NEW YORK 4, WN. Y. 747-15 


CARSET JACKBITS WEAR LONGER~—because they retain their 
Tungsten Carbide cutting edges after drilling many feet in the 
hardest rock. 

INCREASE DRILLING SPEED 50% OR MORE—because they 
maintain their original high drilling speed for the full depth of 
the hole. 

BOOST TONNAGE 20% OR BETTER-—because they permit 
drilling deeper holes and pulling longer rounds. This means more 
rock or ore broken per shift. 


SAVE UP TO 30% ON DYNAMITE~because they eliminate 
tapered holes, permit smaller hole diameters, and concentrate 
more dynamite in the bottom of the hole. 

CONSUME UP TO 50% LESS DRILL STEEL—because the 
smaller average size, sharper-edged bits drill easier and are kinder 
to drill steel. 

REDUCE AIR CONSUMPTION AT LEAST 40%—because they 
permit the use of lighter drills, smaller diameter holes and much 
higher drilling speeds. 

REDUCE MAINTENANCE COSTS 30% OR MORE~—because 


they lighten the load on drills and equipment, greatly extending 
the service life between overhauls. 
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New Products 


Manufacturers News 


e FILL OUT THE COUPON FOR MORE INFORMATION ¢ 


Equipment 


Body Hoists 

A complete new line of hydraulic 
dump truck body hoists and bodies 
featuring many outstanding design 
improvements has just been an- 
nounced by St. Paul Hydraulic Hoist. 
Fourteen models of this new hoist 
are available in a selection of ca- 
pacities from 6 to 25 tons. The new 
body hoist features low standard 
mounting height; advanced lifting 
point; new low operating oil pres- 


sures; a new Uniflex subframe; fric- 
tion-free roller bearing drive mech- 
anism, including pump and power 
takeoff, to insure quiet operation 
and long trouble-free life. A stress- 
eliminating design feature of the 
new hoists absorbs dumping shocks 
and permits use of a new principle 
in hoist design . a flexible sub- 
frame which ends tendency of rigid 
hoists to crack or bend when flexed. 
Circle No. 1 


Combination Drill 


A new combination drill offering 
all three methods: rotary, auger, and 
percussion drilling on the same rig 
is the revolutionary feature of the 
latest drill rig designed by Mobile 
Drilling Inc. The B-36 drill is larger, 
more powerful and versatile than 
previous models built by this com- 
pany. This new drill has a hydraulic 
feed of approximately 8000 lb pres- 
sure. The hydraulic feed cylinder is 
located directly over the rotary turn 
table. The carriage of the drill is of 
tubular construction. The drill mast, 
also of tubular construction, nests in 
the tube members of the drill car- 
riage for cross-country travel with 
a maximum overall height of 10 ft. 
The drill mast telescopes together 
with the feed cylinder hydraulically 
to an operating height of 16 ft. The 
drill can be furnished with an auxil- 
iary cat head, sand reel, and special 
high pressure water pump. The B-36 
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maximum depth for auger drilling 
without water is approximately 150 
ft; depth for rotary drilling with 
water is in excess of 300 ft. Cirele 
No. 2 


Replaceable Cutter 


Of interest to operators of clam- 
shell buckets in the excavating and 
heavy rehandling field is a new re- 
versible and replaceable cutter re- 
cently announced by Blaw-Knozx Co. 
The new unit replaces the old type, 
one piece tooth presently used. Sim- 
ilar in principle to the two-part 
tooth used so successfully in drag- 
lines and trenchers, the new tooth 
consists of a base which is perma- 
nently attached to the scoop, or lip, 
in the usual manner, and a revers- 
ible and renewable tip which fits 
into a slot and wedges itself into the 
base. Replaced in a fraction of the 
time required to install old style 
teeth, the new unit not only reduces 
costly shut-down time but further 
effects savings by requiring only the 
replacement of that portion of the 
tooth which wears out. Circle No. 3 


Stripper Shovel 

Several models of the new hi-lift 
stripping shovel recently introduced 
by the Koehring Co. are working in 
various sections of the country. 
Using the same base machine as the 
standard 2% cu yd Model 1005, the 
hi-lift stripper operates with a 50 
ft boom and 36 ft dipper stick. This 
attachment allows a maximum 
dumping height of 40 ft and a reach 
of 60 ft with boom angle at 45 de- 
grees. By comparison, the standard 
1005 shovel attachment, operating 
by chain crowd, carries a 26 ft boom 
and standard 19% ft double dipper 


sticks for heavy-duty digging work. 
Features of the new hi-lift design 
include a single dipper stick with 
cable crowd and a twin box section 
boom structure for maximum 
strength and minimum weight. Un- 
usually large sheaves are employed 
throughout to prolong cable life. 
Circle No. 4 


Belt Conveyor 


A new conveyor belt capable of 
unloading a full carload of coal in 
one minute has been installed by the 
Rail-To-Water Transfer Corp. The 


belt is 72 in. wide and 942 ft long. 
It is designed to handle 3000 tons of 
coal per hr, an increase of 50 pct 
over the 54-in. belt formerly used. 
The belt, furnished by the mechani- 
cal goods division of United States 
Rubber Co., is made of 7 plies of 
42-oz duck with a 1/4 in. rubber 
cover on top and a 1/16 in. cover on 
the pulley side. Circle No. 5 


Slusher Block 


Sauerman Bros., Inc. have en- 
larged their line of Durolite tem- 
pered steel sheave-blocks by adding 
a block designed essentially for 
slushing, mucking and wrecking 
duty. This block resembles the 
standard Durolite blocks in its gen- 
eral specifications. Sheaves and 
frame are of differential heat treated 
alloy steel. Swivel fittings are quick 
opening and free moving. A bead 
cast in the frame protects rim of 


sheave, prevents fouling of cable. 
Important new features are: wider, 
flatter sheave groove to permit use 
of larger cable than standard block 
of same diameter; extra wide throat 


opening to pass knotted cable; 
lighter weight than other blocks of 
similar capacity, making for easier 
handling in tight places. Cirele No. 6 


Drill Bit 


A new bit that drills brittle coal 
at fast rates of penetration is now 
offered by Kennametal, Inc. Faster 
drilling is obtained by reducing the 
amount of surface contact of the 
cutting edge at the bottom of the 
hole. Also, steeper clearance angles 
are provided to minimize bit drag. 
The new design is said by users to 
penetrate at the rate of 10 to 20 pct 
faster than the conventional all-pur- 
pose bit. The latter bit offers a bal- 
ance between speed and long ser- 
vice life and can be used more uni- 
versally. Cirele No. 7 
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(8) CRUSHER: The American AC 
type rolling ring crusher is described 
fully in the newly revised 8-page 
bulletin just released by the Ameri- 
can Pulverizer Co. Handy, informa- 
tive tables for domestic stoker and 
commercial screenings in which are 
tabulated such pertinent data as 
speed, capacity, horsepower, weight 
and dimensions for the entire AC 
series of American coal crushers, are 
given in this booklet. Another fea- 
ture in this booklet is a report from 
twenty-nine coal mines and power 
plants in which American AC’s are 
installed—an independent survey 
based on more than sixty-one mil- 
lion tons of American-crushed coal. 
Photos are given of typical Ameri- 
can crusher installations in the 
mines, power plants and central sta- 
tions of America. 

(9) CASTERS: A newly-revised 36- 
page caster and truck catalog cover- 
ing an expanded line of equipment 
has just been published by the 
Rapids-Standard Co. This 2-color 
fully-indexed catalog has photos and 
complete specifications on casters 
and wheels designed to handle light, 
medium, or heavy loads on all types 
of floor surfaces. Shown for the first 
time in the catalog are the new 43 
series caster models, combining low 
cost with durability for medium 
duty industrial use. Also introduced 
is the new line of V-Trac casters for 
use either on inverted angle-steel 
tracks or on flat floor surfaces. 


(10) PIPELINE STRAINERS: A new 
4-page bulletin just off the press 
describes the complete line of Ander- 
son self-cleaning pipeline strainers 
made in sizes from % in. to 3 in. An 
interesting discussion titled, “Value 
of Sediment Control” points out the 
numerous pieces of pipeline equip- 
ment needing strainer protection. 
These include steam traps, reducing 
valves, air tools, pumps, temperature 
regulators, etc. In addition, the bul- 
letin contains complete specifications 
and prices on the product. The V. D. 
Anderson Co. 

(11) MINERAL JIG: The Yuba min- 
eral jig is a self-contained unit con- 
sisting of cells, screen baskets, and 
a completely enclosed package drive. 
Jigs are shipped from the shop com- 
pletely assembled and test-operated 
to assure alignment of all compo- 
nents. They can be furnished for 
various types of installation; cross- 
flow or end-flow with the drive on 
either feed end or discharge end of 
the unit. Jigs are made in two, four, 
or six cell units depending upon the 
arrangement desired. These jigs are 
rated at between 25 and 30 cu yds 
per hr (35 to 45 tons) per flow line 
of one or more cells in series. Con- 
struction details of the mineral jib 
are designed to ensure a unit that 
will give maximum service with 
minimum upkeep. Screen baskets 


ree 


and grids are coated with rubberized 
paint to minimize abrasion and cor- 
rosion, and at slight additional cost 
the inside walls of the hutches also 
can be rubberized. Yuba Mfg. Co. 


(12) MOVING AIR: An improved 
device for moving large volumes of 
air quickly and economically in 
situations requiring intermittent or 
emergency ventilation, is described 
in a new 4-page bulletin published 
by Mine Safety Appliance Co. 
Portable and light-weight, the in- 
strument is adaptable for use in in- 
dustrial plants, mines and wherever 
else circumstances make it necessary 
to remove air contaminants from 
confined areas or to introduce fresh 
air for safe ventilation or rapid 
cooling. The bulletin gives examples 
of its use in oil refineries, chemical 
companies, steel plants, mining 
operations, etc. 


(13) REBUILDING PLANT: Just 
published is a 6-page bulletin on 
the Ashland Division of National 
Mine Safety Co., a new plant de- 
voted exclusively to the rebuilding 
of Joy Mining equipment. Designed 
for multiple unit production, with 
definite delivery dates for finished 
work, this plant is located at Ash- 
land, Ky. Illustrated in the bulletin 
are some of the typical rebuilding 
operations which will be done in the 
43,000 square foot plant. 


(14) FLOOR DRILL: Cincinnati 
Lathe & Tool Co. offers a new cata- 
log, D-110 illustrating and describ- 
ing the C-O Cincinnati 14 in, 3000 
sliding head floor drill with exclu- 
sive tilting motor bracket for easy 
speed changes. The spindle is made 
of high alloy steel, accurately ma- 
chined; the six-splined spindle is 
mounted in two double-shielded ball 
bearings and housed in a ground 


steel quill. Simplified speed changes 
and uniform belt tension are pro- 
vided for by a unique tilting motor 
bracket. Speeds are changed merely 
by tilting the motor bracket and 
shifting the belt. No wrenches are 
needed. The column is cast in one 
piece and dovetailed ways for the 
sliding head and round table are 
cast integrally with the column and 
hand scraped to an accurate fit. 


(15) DUST CONTROL: The Pang- 
born Corp. offers a 28-page two- 
color bulletin describing dust con- 
trol and its many applications. Case 
histories of users of this equipment 
are documented with photographs 
and performance data indicating 
savings achieved through the instal- 
lation of dust control equipment. 
Specifications on sizes and dimen- 
sions of equipment are listed as well 
as construction details. Application 
and engineering data are tabulated 
according to types of dust, and col- 
lection requirements. It is possible 
to determine the probable require- 
ments for a dust collection system 
from the engineering tables. 


(16) SOIL SAMPLING: This new 
bulletin represents a complete col- 
lection of data and information 
about soil sampling techniques ac- 
cumulated during the past thirty- 
three years by the Acker Drill Co. 
Modern sampling techniques are dis- 
cussed along with recommendations 
as to correct tools and accessories 
best suited for economical recovery 
of samples. One of Acker's popular 
soil samplers is a tube split length- 
wise and held together by a ball 
check head and a hardened shoe. To 
operate, the sampler is forced into 
undisturbed earth by either jacking, 
hydraulic pressure or light driving. 
The ball check prevents washing out 
of the sample. 


Mining Engineering 
29 West 39th St. 
New York 18, N. Y. 


Please send me 
| Price Data 
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More Information 
Free Literature 
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Students are requested to write direct to the manufacturer. 
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“<Bedetél 


The hard, ductile, knowg NI 
name from “kupfer-nickel”, ning bedeviled 
it by superstitious medieval Sax@p miners. These miners; in uncov- 
ering what appeared to be a fresh ede of silver ore, thought the devil 
of the earth, "Old Nick”, had cast a Spell over their ore since it could 
not be hammered into useful articles . “Yggud #t was several hundreds of 
years later that Cronstedt's di: led to recognition of nickel. 

Among the thousands of ways in which nickél Ggiw serves man is 
in the construction of a modern battleship—wher@\ghi 
corrosion-resistant metal is used in armor plate, gun tu 
of other ordnance, navigational and communications mat 

From the opening of the first Sudbury mine in 1886, the 
nickel is largely that of International Nickel Company, who* 
produce fully 75% of the world’s total nickel output. Playin 
important role in International Nickel Company's production @ 
twenty “SYMONS” Cone Crushers ... which are recognize x 
throughout the world for their ability to efficiently produce a great 
quantity of finely crushed product at low cost. 

Thus, through the 20 “SYMONS” Cone Crushers at “Inco” mines 
passes the majority of nickel used today ... one more example of a job 
well done by “SYMONS” Cones. 


MACHINERY FOR PROCESSING ORES and INDUSTRIAL MINERALS 
NEW YORK © SAN FRANCISCO * DULUTH * WASHINGTON + TORONTO. 
MEXICO, D.F. © LONDON © PARIS JOHANNESBURG 
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build @ battleship 
af 
| 
“a We 
at revolutionized crushing practice 
built in Stenderd, Short Head, 
types, with crushing 
aa * 22 inches te 7 feet in diameter 
cities from 6 to 900 tons per hour. 
| 
4 NORDBERG MFG. CO., Milwaukee, Wisconsin : 

olen 
Grizzlies and Screens 

Diesel Engines 


The changing pattern of progress, West of 
the Mississippi and East of the Rockies, 
is readily traced through the pages of 
Sheffield history. 
First products of record were produced in 
1888 to meet the needs of the great rail- 
road building expansion. Following the 
rail lines came the fabulous development 
of agriculture, construction, mining, high- 
ways, manufacturing, oi! and ship building. 
Each of these facets of industry presented 
needs for steel in different shapes and 
forms. In meeting such kaleidoscopic re- 
quirements, the Sheffield organization 
wired a vast accumulation of skills, 
techniques and facilities and, today, pro- 
duces a wider diversity of steel products 
- than-any other similar steel making set-up 
in the country. 
e ses of She § i 
years while Sheffield’s overall production pipe, require plate steci in far greater quantitios than the sew 
has more than doubled. plate mills could new, powerful, 4-high plate mill 
at Sheffield’s Houston works now rolls white hot slabs into long lengths of steel 
plate in a matter of minutes for shearing into sections to meet fabricators’ needs. 


SHEFFIELD 


— COPPER-MOLYBDENUM 
CORPORATION 


HOUSTON KANSAS CITY 
TULSA 


we 


MORE STEEL FOR AMERICA 
More Money In Your Pocket! 6 THE DEFENSE LINES NOW! 
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ALL AROUND THE WORLD 


Howland Bancroft (A Modern Ap- 
proach To Foreign Mineral Develop- 
ment, P. 666) was born in Denver, 
Colo. and attended the University of 
Colorade, University of Michigan 
and received a B.S. and B.A. degree. 
From 1907 to 1912 he was with U. S. 
Geological Survey. In 1911 he was 
involved in study of mining re- 
sources of Peru. Mr. Bancroft re- 
signed from Federal Survey and 
opened offices as consulting mining 
geologist in Denver in 1912. From 
1919 to 1920 he was a consulting en- 
gineer in San Francisco. He was 
manager of Sinclair Panama Oil 


MEET THE AUTHORS 


Corp. in Panama City in 1920. From 
1921 to 1923 he was vice president 
and managing director of same 
corporation. He did independent ex- 
aminations in Western states and an 
exploration trip through Turkey in 
Asia from 1924 to 1925. Mr. Bancroft 
was vice president and general 
manager of Lago Petroleum Corp. 
in charge of operations in Venezuela. 
Mr. Bancroft has spent time in 34 
different countries in the world and 
in a number of different Latin 
American States, Europe, Asia Minor 
and Africa. 


Denver Dillon 


Vibroting Screens Denver S&L Pumps 


DRIER FILTER CAKE with... 


DISC FILTER 


Denver Selective 
Mineral Jigs 


Denver Ore Feeders 


See how drainage 
grooves in the fil- 
ter segment run at 
right angles to the 
suction edge of the 
filter segment? 


= 


Denver Stee! Head 
Ball Mills 


Denver Cross Flow 


Classifiers 


This patented feature on DENVER DISC FILTERS means positive 
drainage from each segment; no blow-back of filtrate into 
filter cake. RESULT; DENVER DISC FILTERS give drier filter cake. 
SIZES: 2° x 1-disc through 6° x 8-disc and larger. 

OTHER FEATURES: Divided tank permits filtering 2 products with 
same filter. Filter segment can be replaced while filter is in 
operation. Drive mechanism and valves are protected from 
dirt and slime. DENVER DISC FILTERS are simple in design; simple 


to operate and maintain. 


FREE FILTER TESTS: DENVER EQUIPMENT COMPANY will con- 
duct filter tests free of charge to determine proper size and 
type filter for your requiremnts. Write today! 


Denver Mechanical 
Gold Pon 


Complete Mill Equipment From Testing 
to Feeder to Dryer. Many of our ma- 
chines are in stock. 


FLOTATION 


ENGINEERS 


“The that mahes tts friends happier. healthier, and wealthier” 


DENVER ett COMPANY 
DENVER 17, COLORADO 


DENVER NEW YORK « CHICAGO « EL PASO + TORONTO » VANCOUVER - MEXICO D.F. LONDON JOHANNESBURG 
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| An AIME member, 
| favorite hobby. 


D. M. DAVIDSON 


D. M. Davidson (co-author with 
G. M. Schwartz) was born in 
Quincy, Ill. and attended the Uni- 
versity of Minnesota. He received a 
B.A., M.S. and Ph.D. degree. He 
graduated with a Magna Cum Laude. 
From 1928 to 1939 he was a geolo- 
gist, chief geologist and senior engi- 
neer with Selection Trust Ltd. of 
London, England. Mr. Davidson has 
been vice president and director, 
E. J. Longyear Co., Foshay Tower, 
Minneapolis since 1939. He was vis- 
iting lecturer in mining and geology 
at Columbia University in 1948 and 
1949. Mr. Davidson was consultant 
to: U. S. Corps of Engineers, U. S. 
Bureau of Mines, President’s Mate- 
rials Policy Commission and Mate- 
rials Metals Reserve and War Pro- 
duction Board during World War II. 
Besides holding membership in 
AIME, Mr. Davidson is a member of 


| American Association for the Ad- 


vancement of Science, Canadian In- 
stitute of Mining Engineers, Society 
of Economic Geologists and Institu- 
tion of Mining and Metallurgy, Lon- 
don. Mr. Davidson has presented 
numerous papers before the AIME. 
Fishing, ornithology and photogra- 
phy are his favorite pastimes. 


R. W. Storey (co-author with Newell) 
was born in Greensburg, Pa. and at- 
tended Lynch high school in Lynch, 
Ky., and the University of Kentucky. 
He received a BS. in chemical 


| engineering. Mr. Storey has worked 


for Lehigh & Navigation R. R. Co. in 


| Middlesboro, Ky. and Louisville, Ky. 


for three years. For one year he 
was employed by the Clinchfield 
Coal Corp. at Dante, Va. as mine en- 
gineer. He was employed by U. S. 
Coal and Coke Co. at Lynch, Ky. as 
assistant engineer in charge of field 
corps. At the present time he is 


| connected with Consolidation Coal 


Co. in Jenkins, Ky. where he resides. 
fishing is his 


E. F. Reed (Deep Prospect Drilling 


| at Miami Tiger and San Manuel, 
| Arizona, P. 682) was born in Win- 


field, Kansas and attended Colorado 
School of Mines and Columbia Uni- 
versity. He received a E.M. and 
M.A. degree. From 1923 to 1925 he 
worked for various mines in West- 
ern United States. Mr. Reed was 
employed as an engineer with 
American Smelting & Refining Co. 


oh - 
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| 

Denver Buckman 
Concentrators 
= 
‘ = 


E. F. REED 


from 1925 to 1927. He was chief en- 
gineer and geologist with Andes 
Copper Mining Co. in Chile from 
1927 to 1942. From 1942 to date he 
has been geologist with Anaconda 
Copper Mining Co. at Inspiration, 
Ariz. An AIME member, problems 
related to ore deposits are of special 
interest to him. Besides holding 
AIME membership, he is also a 
member with Society of Economic 
Geologists. Photography and square 
dancing are his favorite pastimes. 


G. M. Schwartz (Geologic Setting of 
the Copper-Nickel Prospect in the 
Duluth Gabbro Near Ely, Minnesota, 
P. 699) was born in Oakfield, Wis. 
and attended University of Wiscon- 
sin. He received a B.A., M.A., and 
Ph.D. degree. Mr. Schwartz was a 
field geologist with the Wisconsin 
Geology Survey and from 1916 to 
1918 he was a geologist with Copper 
Range Co. He was instructor, pro- 
fessor and director of Minnesota 
Geological Survey, at the University 
of Minnesota between 1919 to 1952. 
An AIME member, he also holds 
membership in Geological Society of 
America, Society of Economic Ge- 
ologists and American Mineralogical 
Society. Hunting and fishing are his 
favorite pastimes. 


J. P. Newell (Experiments with an 
Underground Auger, P. 677) was 
born in Huntington, W. Va. and at- 
tended Maysville high school and 
the University of Kentucky. He re- 
ceived a B.S. in mining engineering. 
Mr. Newell has been employed by 
the Consolidation Coal Co. in Jen- 
kins, Ky. in engineering dept., 
making time studies, experiments 
with underground auger miner and 
is now working as section foreman. 
Golf in his favorite pastime. Mr. 
Newell resides in Jenkins, Ky. 


R. J. Mechin (The Lead Mining Out- 
look in North Africa, P. 675) was 
born in St. Louis, Mo. and attended 
the Colorado School of Mines. He 
received an Engineer of Mines de- 
gree. Mr. Mechin has worked in 
Mexico, Arizona, southeast Missouri, 
and northern New York as mucker, 
manager and vice president. He is 
associated with St. Joseph Lead Co. 


H. Rush Spedden (Adsorption of So- 
dium Ion on Quartz, P. 693) was 
born in Colville, Wash. and attended 
Lewis and Clark high school and 
University of Washington. He re- 
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ceived an M.S. degree from the 
Montana School of Mines. From 
1940 to 1942 he was a research 
assistant and instructor with Massa- 
chusetts Institute of Technology. Mr. 
Spedden was production specialist 
with U. S. Foreign Economic Ad- 
ministration in Bolivia from 1942 to 
1944. From 1944 to 1946 he was with 
U. S. Army Corps of Engineers. At 
the present time he is assistant pro- 
fessor of mineral dressing at the 
Massachusetts Institute of Tech- 
nology. An AIME member, he has 
presented previous papers before our 
society: “Flotation Microscopy of 
Cuban Manganese Ores” with A. M. 
Gaudin and “Attachment of Mineral 
Particles to Air Bubbles in Flota- 


tion” with Mr. Hannan. A resident 
of Winchester, Mass., photography, 
caneoing, skiing and camping are 
his favorite pastimes. 


A. M. Gaudin (co-author with H. 
Rush Spedden) has presented nu- 
merous papers before the AIME. 
Mr. Gaudin attended Columbia Uni- 
versity and Montana School of 
Mines. He received an E.M. degree 
from Columbia in 1921 and an hon- 
orary Sc.D. degree from Montana 
School of Mines in 1941. At the 
present time he is director of Massa- 
chusetts Institute of Technology's re- 
search laboratory. Fishing, painting, 
photography and collecting stamps 
are his hobbies. 


Standard ...Reliable Efficient... 


STANDARD DRYER 


Improperly Engineered Dryers Result in Low Drying 
Efficiencies or Lost Dollars to Your Company! 


DENVER STANDARD DRYERS are engineered to meet YOUR 
EXACT REQUIREMENTS by men who know the drying business. 


Preliminary estimates on the type and size DENVER STAND- 
ARD DRYER required to most efficiently dry your material 
will be submitted promptly without charge or obligation. 


No drying operation too small; too large; too simple or too 


complex. 


DELIVERIES. Our selling prices are competitive and yet we 
make excellent deliveries— usually better than 4 months 


on smal! and large units. 


Write for: Descriptive bulletins on DENVER STANDARD DRYERS. 


Write Today! 


Many of ovr machines ore in stock. 


Denver Jow Crushers 


FLOTATION ENGINEERS 


DENVER « NEW YORK CITY CHICAGO EL PASO + TORONTO VANCOUVER MEXICO D.F. LONDON JOHANNESBURG 
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724% "The firm that mahes tte happier. healthier, and wealthier’ 
JOENVER EQUIPMENT COMPANY 


A promise of bigger things to come 


This tiny machine was a forerunner of 
today’s giant crushers. Built about 
1875, it marked the introduction of 
mechanical means to reduce more 
material per hour. 


by step, little machines and crude inventions have been 
developed into powerful, more efficient equipment to keep 
pace with the needs of a growing nation. For 50 years, Traylor 
has made it a policy to Jead in the development and produc- 

tion of better machinery for the mining industry. In that time, 
mining men have come to depend on the skill and experience of 
Traylor to supply them with the tools they need. They know 
that when they consult Traylor, they consult experience . . . 
half a century of it. 


TRAYLOR ENGINEERING & MANUFACTURING CO. 
484 MILL ST., ALLENTOWN, PA. 

typifies advanced design W 

for efficient operation. SALES OFFICES: New York - Chicago - Los Angeles - Son Francisco 

Y ANNIVERSARY IN Conedion Mfrs: Canadian Vickers, Ltd., Montreal, P. Q. 


0: 


leads to greater profits 
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ORY PYRITE 
(ALTERNATE) 


PYRITES FROM 
FEED HOPPER 


GAS 10 
ACID PLANT 


> 
FEED PUMP AIR 
BLOWER 


ccm 


SCRUBBING 


SCRUBBER WATER 


CALCINE 


TO 
STRIPPING TOWER j 


Tei on FluoSolids Systems 


from sulphide roasting 
... with the Dorrco FluoSolids System.* 


Sulphuric acid manufacturers faced with a shortage of ele- 
mental sulphur are finding in FluoSolids an economically 
feasible means of tapping sulphides as an alternate source of 
SO.,. Fifteen FluoSolids Systems are now under construction 
to furnish SO, gas for contact acid plants. 

For detailed information about FluoSolids — a distinct 
departure from conventional roasters —- ask for a copy of 
Dorrco Bulletin No. 7500. Just write to The Dorr Company, 
Stamford, Conn., or in Canada, The Dorr Company, 80 
Richmond St. West, Toronto 1. 


*FiuoSolids is o trademork of The Dorr Company, Reg. U.S. Pat. Of. 


for S02 Production ... 


Ges Strength will overage 
15% SO, from pyrite and other 
sulphides. 
Ges Cleaning Equipment 
thon with conventional 
methods. 


Peed can be coarse or very fine — 
dry or wet, 


lew Mei bs 
moving ports are exposed to high 
temper otures. 


No Extraneous Fuel Needed 
once calcining temperature is 
reached. 


Complete instrumentation mini- 
mizes the “human factor in operation. 


THE DORR comraay ° ENGINEERS * STAMFORD, CONN, 


Olficns, A or ® ves in principal cities of the world. 
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Freedom is on the march! 


The freedom America celebrates on the Fourth of July has a special 
significance to anyone in the Western world whose life work in min- 
ing or metallurgy has contributed to our ever-increasing supply of 
strategic minerals. 


But freedom to march resolutely ahead must be—and now is—amply 
possessed of the metal sinews with which to defend its security and 
expand its benefits to all. 


To help achieve this end, Cyanamid has devoted over three decades 
of research to product and process development and application — 
first in Cyanidation, then in Froth Flotation, and latterly in Processes 
for Separation by Specific Gravity Differences. 


Consider iron ore, the cornerstone of our industrial civilization. 
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Tremendous new bodies of high-grade ore have been discovered and are being 
developed. But, equally important, beneficiation of lower-grade ores by Heavy- 
Media Separation, the Dutch State Mines Cyclone Separator and Froth Flota- 
tion is indefinitely prolonging the economic life of the Range and opening 
new vistas for beneficiating iron ore deposits world wide. Witness results 
recently reported on fine-ore beneficiation (14" x 65 mesh) at a western 
Mesabi concentrator using two 12” Dutch State Mines Cyclone Separators 
capable of treating 125 tons per hour. Concentrate from feed containing 
48.6% Fe and 26.5% SiO, assays 60.0% Fe with SiO, as low as 10.1%, a prac- 
tical duplication of heavy-liquid results with power consumption and medium 
loss acceptably low. 


Equally noteworthy advances are being made in base-metal and non-metallic 
concentration. New reagent combinations and better treatment methods 
(alone and in combination with Processes for Separation by Specific Gravity 
Differences) are expanding the output of such strategic minerals as antimony, 
chromite, cobalt, industrial diamonds, fluorspar, manganese, molybdenum, 
sulphur, tin and tungsten. 


Specialized reagents — such as Aerofloat 226 and 213 and Cyanamid 400, 600 
and 800 Series Reagents — added to traditional reagent combinations are 
helping to produce higher grade concentrates at economic costs, particularly 
in the treatment of oxidized lead ores and complex sulphide ores. New Cyan- 
amid Reagents and processes in advanced stages of development promise to 
provide unique new methods for increasing recoveries of strategic minerals. 


To help you capitalize on these developments, we have prepared resumes of 
current practice and avenues of approach to better beneficiation. These spe- 
cial technical bulletins are practical guideposts to progress in solving bene- 
ficiation problems. They are offered without obligation, as a preliminary to 
discussion with Cyanamid Field Engineers, located in all important mining 
districts. The Cyanamid Mineral Dressing Laboratory staff is also available for 
consultation on your particular problems. 


Mineral Dressing Division AMERICAN CYANAMID COMPANY 30 Rockefeller Piaza, New York 20, N.Y. 


I have a particular interest in the treatment of: 


ANTIMONY CHROMITE COBALT DIAMONDS FLUORSPAR 
_) MANGANESE MOLYBDENUM (SULPHUR TIN C) TUNGSTEN 


Kindly send Technical Bulletins on the beneficiation of these minerals and data on 
_) CYANAMID REAGENTS MEAVY-MEDIA SEPARATION PROCESSES 


C) DUTCH STATES MINES CYCLONE SEPARATOR PROCESSES 


NAME 
COMPANY 
ADDRESS _ 


Printed in U.S.A 
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ERAL DRESSING DI 


SEE FOR YOURSELF why NI-HARD cuts grinding 
costs. Unlike other cast irons, NI-HARD is composed of 
a multitude of hard carbides firmly embedded in a 
matrix which is as hard as fully hardened steel. Ni-Hard 
balls are produced in sizes from 5%” to 144”. Balls at 
left above are sectioned to show soundness. 


THESE BALL MILL LINERS of chilled NI-HARD 
replace rolled steel liners for milling ores. The user 
previously used all types of liner materials, including 
manganese steel, chilled iron, etc., before standardizing 


on NI-HARD. 


SOLIDS-HANDLING PUMP PARTS, produced to 
take full advantage of NI-HARD, include impellers, 


shell liners, suction side liners, engine side liners, throat 
and seal rings. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


Investigate NI-HARD for your 


ABRASION PROBLEMS 


NI-HARD is produced by 
authorized foundries from coast to coast 


Ni-Hard® . . . an abrasion-resisting nickel iron . 


. . has proved the 


answer to hundreds of problems involving severe abrasive wear. 
During the past 20 years it has set notable records for length of ser- 
vice, down-time saving and ultimate economy where wear-resistance 
is the primary requirement. A few typical Ni-Hard applications are 


illustrated. 


At the present time, the bulk of the nickel produced is being di- 
verted to defense. Through application to the appropriate authorities, 
nickel is obtainable for the production of NI-HARD for many end 
uses in defense and defense supporting industries. There are author- 
ized foundries, from coast to coast, equipped to produce NI-HARD 
castings in all common forms and shapes. 


SOURCES OF SUPPLY FOR NI-HARD CASTINGS 


EASTERN SECTION... 


Plattsburg 

Foundry & Machine Co 
18 White St 

Plattsburg, N. ¥ 


Engineered Castings Div 
American Brake Shoe Co 
10 Mount Read Boulevard 
Rochester 11,N.¥Y 


Brake Shoe 

& Castings Div 

American Brake Shoe Co. 
230 Park Ave 

New York 17,N.Y 


American 

Abrasive Metals Co 

460 Coit St 

Irvington 11, New Jersey 


Palmyra Fdry. Co., Inc 
Arch St. Station 
Palmyra, New Jersey 


US. Pipe & Fdry Co 
Burlington, New Jersey 


Hardinge Mfg. Co 
240 Arch Street 
York, Pa 


Link-Belt Co., Olney Fdry 
180 W. Duncannon Ave 
Philadelphia 20, Pa 


New Castle Fdry. Co 
Mahoning Ave. & 
Hobart St 

New Castle, Pa 


The Pennebacker Co 
Emmaus, Pa 


Sprout 

Waldron & Co., Inc 
Sherman St 

Muncy, Pa 


Treadwell Engrg. Co. 
Lenox & 25th Street 
Easton, Pa 


Weatherl 

Fdry & Rie Co. 
Commerce St 
Weatherly, Pa. 


Georgia Iron Works Co 
605 12th St 
Augusta, Ga 


Pekor Iron Works, Inc 
P.O Box 909 
Columbus, Ga 


Thomas Foundries, Inc 
3800 10th Ave. No. 
Birmingham |, Ala 


CENTRAL SECTION... 


The Brom 

Mach. & Fdry. Co 
3565 W. 6th St 
Winona, Manan 


Staver Foundry Co. 
Box 74 
Virginia, Minn 


Bassett Foundry Co. 
Adrian, Mich 


Calumet & Hecla Cons. 
Copper Co 
Calumet, Mich 


Engineering Castings, Inc 
405 S. Linden St 
Marshall, Mich 


The Babcock & Wilcox Co 
85 Liberty St 

New York 6.N.Y 

(Plant: Barberton, Ohio) 


Brake Shoe 

& Castings Div 

American Brake Shoe Co 
109 N. Wabash Ave 
Chicago 4, Ill 

(Plant: Melrose Park, Ill.) 


Frank Foundries Corp. 
2020 3rd Ave 
Moline, Il 


Griffin Wheel Co 
445 N. Sacramento Blvd 
Chicago 12, 1 


Wells Manufacturing Co 
7800 N. Austin Avenue 
Skokie, 


Eagle Iron Works 
129 Holcomb St 
Des Moines, la 


Helmick Fdry.-Mach. Co. 
Sth St. & Belt Line 
Fairmont, W. Va 


Carondelet Foundry Co. 
2101 


S. Kingshighway Bivd. 
St. Louis 10, Mo 


Keller Foundry Co 
1010 E. Jackson Ave 
Knoxville, Tenn 


Arkansas Foundry Co 
1501 East Sixth St 
Little Rock, Ark 


WESTERN SECTION... 


Eagle Foundry Co 
75 Horton St 
Seattle 4. Wash 


Union Iron Works 
Box 2135 
Spokane 2, Wash 


Caird Engineering Works 
Helena St. & 

Montana Ave 

Helena, Montana 


Pacific Ball Mfg. Co 
P.O. 106 
Southgate, Calif 


Pacific Foundry Co., Ltd. 
3100 19th St 
San Francisco, Calif 


Stanley Foundries 
6009 Santa Fe Ave 
Huntington Park, Calif 


Capitol Foundry Co 
Phoenix, Arizona 


Darbyshire Steel Co., Inc. 
P. O. Box 352 

El Paso, Tex 

Texaloy Foundry Co. 


1407 Hoefgen 
San Antomo 3, Tex. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Mining Engineering 


between 


copper 
ir ceiling prices 80 pct of the increase in cost of 


Another step forwerd in the processing of taconite seems to have been made 
with the patenting of a process for taconite 

llets. The patent was issued to . De Vaney and assigned 
‘othe Brie Mining Co., of Hibbing, Minn Strength of the pellets 


is improved by adding from one to five pounds of starch or sodium 
silicate. 


A new iron ore deposit discovered on Vancouver Island will stert produc 
Boon, and is expected to yield 2 million tons of etite over 
its span of operation. A new wil t Argonaut 
Construction Co., of San Francisco, at the deposits-of the Uteh 
Construction Co., its parent organization. 


The Organization for European Economic Cooperation banned the use of nickel 
and nickel alloy in the manufacture of about 500 products in an 
attempt to conserve nonferrous metals in short supply. ‘Some 18 
members of the organization have already volunteered to restrict 
nickel consumption. 


The aluminum development at Kitimat, B. C., has placed Canada in the front 


ranks of the world's alumimm eee countries, according to 
F, L. Lawton, chief engineer uninum atories, Ltd. He 
noted that of Canada's total production, Canadians use only 15 
pet. 


Reconstruction Finance Corp. has been negotiating with several Bolivian 


tin operators for their tin now piled up at several South 
American ports. A few of the smaller operators are reported to 
have accepted a price of $1.215 per pound, the price paid to 
The effect the recen announced Boli 
es have on the 


buyers have entered into a contract with the South 
ican Minerals +» providing for 2748 per long ton plus 
2528 6d. American manganese producers are said to be investi- 
the possibility of erect a sme 
Ca. 


International Nickel Co., is reported to be negotiat of some 
acres of nickel and copper—bear 8 
prove the deposit mineable, it may result in Minnesota's first 
nickel and copper mine. 
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The Office of Price Stabilization 

is 


AMSCO dippers keep the heat on loading 
at 50° below zero 


North Pole weather plus loading “pure rock” a good example of how to save money and man- 
are no problems to Manganese steel dippers. power through the use of AMSCO products. 

In June, 1948, an iron mine in the northwest- 
ern Adiseadacks installed its first AMSCO dip- usED BY ASION... 
per. It’s still going strong—16 hours a day, 7 ‘ . 

. . find out about longer-lasting, dollar saving 
days a week! Old type dippers used previously 2 : 
AMSCO manganese steel . . . world’s largest 
lasted as little as one week. And the mining ’ 
: producer of Manganese Steel Castings for all 
company had to employ four welders full time 


to keep them going. industry. 


In design, too, AMSCO dippers are made for AMSCO 


the type of punishment low grade ore and low controls impact and 
temperatures inflict. Except for tooth work, the 
only repair has been the replacement of the PE > 
heel band after two-and-a-half years of this kind 
of vigorous operation. 

Of course, not all mining and excavating 


operations are as tough as this one . . . but it's 


wer Transmission 


417 EAST 14th STREET + CHICAGO HEIGHTS, ILL. 


Other Plants: New Castle, Del., Denver, Oakland, Cal., Los Angeles, St. Louis. In Canada: Joliette Steel Division, Joliette, Que. 
Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Ltd. 


642—MINING ENGINEERING, JULY 1952 


— 
| 
| 
| 
4 
_ A “4 
H 
\ any 
— thing ond Puiveriting Materials Handling 
x 


Hanna Pilot Plant 
Operating in Michigan 
On Low Grade Ores 


The Hanna Coal & Iron Corp., pilot 
plant at Randville, Mich., is handling 
about 250 tons of low grade Michigan 
ore daily. Ore is obtained from an 
open pit near the plant. 

Operating alone in the area, the 
project was first announced about a 
year ago. Construction began June, 
1951 and actual testing started about 
the first of the year. A paper pre- 
sented by Plant Superintendent 
Elton P. Geist at the Upper Penin- 
sula AIME spring technical session, 
described the plant and outlined the 
present flow sheet. 

A two-step beneficiation scheme 
is presently being used. It utilizes 
both flotation and gravity methods. 
After crushing and grinding to 28 
mesh, the ore is passed over Hum- 
phreys spirals, making a coarse iron 
concentrate. Tailings from the spiral 
concentrate are then reground and 
floated to produce iron concentrate 
and a final tailing. Geist stressed 
that the present flow sheet is tenta- 
tive and one of several possible 
variations. 

Testwork is continuing at the 
plant and future work will deter- 
mine the method of agglomeration 
to be used. 


Predicts Dire Metal 
Shortage if War Comes 


The director of the metals re- 
search laboratory at Carnegie Insti- 
tute of Technology, Pittsburgh, pre- 
dicts that in the event of war the 
U. S. will experience shortages in 
all metals. 

Robert F. Mehl said, “We are self- 
sufficient in only nine basic min- 
erals, and deficient in 23 others. Re- 
sponsible men have said that though 
we were but a little short of any 
metal in the last war, we will be 
short of every one of them in the 
next, if there is one.” 

He added that only through a 
marriage of research and science 
can this nation hope to produce the 
minerals it needs. He called for re- 
search in all phases of the minerals 
industry. Mehl added, “great effort 
is being expended in developing 
alloys for use at high temperatures. 
It has been said that the nation that 
wins the next war will be the na- 
tion that develops this alloy.” 

He noted that the U. S. is handi- 
capped by a serious shortage of the 
needed alloy elements. 


Mining Engineering 


Artist's conception of the Anaconde plent at Yerrington, Nev. When the open-pit mine 
goes into operation, crushing and leaching steps will be performed here. Production for 
the first two yeors of operation is estimated at 60 million Ib of copper. Production 


is scheduled to begin by the end of 1953. 


Greater Butte Block-Caving Project Yields 
First Ore Shipment to Expanded Anaconda Plant 


NLARGED concentrating facili- 

ties at Anaconda, Mont., received 
first shipments of low grade copper 
ore from the $27 million Greater 
Butte block-caving project. The de- 
velopment is expected to prolong the 
life of Butte operations and marks 
the first copper output from Ana- 
conda’s postwar improvement pro- 
gram. 

It may be that the original tonnage 
estimates for the Greater Butte proj- 
ect were conservative. Some sources 
expect 100 million tons above the 
150 million ton starting figure, and 
suggest that this additional tonnage 
may provide a second low grade 
operation. 

The $111 million sulfide plant of 
Chile Exploration Co., at Chuiquca- 
mata, Chile, goes into operation soon. 
This is the most costly part of the 


company’s $289 million program. 
Thirty eight million dollars are ear- 
marked for the open-pit copper mine, 
leaching-precipitation plant, and 
townsite at Yerrington, Nev., where 
production is expected by the end of 
1953. 

Other metals have not been ne- 
glected during the search for in- 
creased copper production. Zinc out- 
put from the Butte mines, is being 
increased 50 pct. Uranium ores will 
be processed and produced for the 
AEC at a plant being erected at 
Grants, N. M. 

New to Anaconda is aluminum 
production, for which a plant is 
planned at Kailspell, Mont. It has 
been stressed that aluminum is not 
being considered as a substitute for 
copper, but that it is another member 
of this ‘family of non-ferrous metals.’ 


British De-Gassing Coal 
Seams With Marked 
Success in North Wales 


De-gassing coal seams, called “fire 
damp drainage,” has been practiced 
for about a decade in United King- 
dom. Point of Ayr Colliery, North 
Wales, has been able to mine a coal 
seam which would have been other- 
wise too gassy for mining. In addi- 
tion, the company saved approxi- 
mately £40,000 per year in fuel by 
burning the extracted gas in the 
mine power plant. Fire damp drain- 


age is achieved by drawing the gas 
through boreholes with induced 
draft fans. 

The boreholes are driven from 
workings either above or below the 
seam which is to be drained. Mining 
has progressed to depths over 1500 
ft from the surface of this mine. 

The methane content of the gas is 
approximately 98 pct. The flow of 
gas diminishes with time but can 
amount to as much as 400 cfm. The 
White Haven Colliery, Cumberland, 
mining under the sea, has also been 
successful in fire damp drainage by 
this method. 

(Continued on page 645) 
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GARDNER- DENVER 


Protects agoinst dry Company, Quincy, Illinois 
run domoge—the 1012 tn Canada: Company Und, 
Automatic Line Oiler. 
THE QUALITY LEADER IN COMPRESSORS, PUMPS AND ROCK DRILLS 
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Sudbury Staking Rush 
Follows Mine Dept.Surveys 


Anyone coming off the mark 
slowly in the staking rush in the 
16-township area southwest of Sud- 
bury, Ont., needn't have bothered, 
with almost every likely site ru- 
mored taken up following release of 
Ontario Department of Mines mag- 
netic and scintillometer surveys. 

Company representatives, stand- 
ing by at Department of Mines of- 
fices, used two-way radios and tele- 
phones to relay information to men 
in the field. One outfit is reported 
to have dropped men into the area 
by helicopter. Maps released to the 
public show about six anomalies of 
outstanding interest. The area is al- 
most on the fringe of the Sudbury 
Basin. Several nickel showings have 
been worked in the past, and the 
supposition is that the anomalies 
represent norite or other basic rocks 
favorable for nickel deposition. 

It is possible that a worthwhile 
magnetite concentration is present. 
Mining interests involved in the rush 
pointed out that staking was on 
speculation. Further exploration is 
required for more definite informa- 
tion. 

Anomalies shown by the survey 
were located near such old nickel 
mines as the Crean Hill, Chicago, 
and Sultana, all owned by Interna- 
tional Nickel Co. One anomaly ap- 
peared in Shakespeare Township, 
where Falconbridge has done ex- 
tensive work. 

Dominion Gulf Co. men were re- 
ported after 50 or 60 claims. The 
company was one of the most active 
in the area. Bethlehem Steel also 
was reported to have staked ground. 
Falconbridge and interests repre- 
sented by J. C. Dumbrille were 
among those acquiring claims. 

An Ontario Department of Mines 
field survey party will be sent to 
the area soon to investigate results 
of the twin surveys. The results of 
the surveys were kept secret until 
public release of the maps.* About 
150 maps were sold during the first 
week, with several smaller groups 
staking claims. 


INCO Labor Dispute 
Goes To Dept. of Labor 


The International Mine, Mill, and 
Smelter Workers Union applied to 
the Ontario Department of Labor 
for conciliation of its dispute with 
International Nickel Co. 

Direct negotiations on contract re- 
newal between union and company 
broke down, but how far apart they 
were was not announced. The union, 
it is understood, asked for a 28% 
cent an hour wage increase plus 10 
cents or 12 cents in fringe benefits. 
The union also wants control of mine 
contracts carrying bonuses. Negoti- 
ations involve workers at the Port 
Colborne refinery and mines and 
smelters in the Sudbury district. 


Whine you asl 
| U-S-$ LORAIN ROLLED PLATE LININGS 


Lorain Liner Plates are made to accu- 
rate size and in easily-handled sections 
... can be installed quickly and easily. 


Save valuable grinding space. Because 
of the strength and resistance to break- 
age of the rolled steel from which U-S-S 
Lorain Rolled Plate Linings are made, 
plates of reduced thickness can be used, 
thereby increasing the usable diameter 
of the mill . . . boosting output. 


Save on “time out" for repairs. Close 
fits between ends of plates and between 


plates and lift bars of U*S:‘S Lorain 
Rolled Plate Linings eliminate shell 
wash and allied troubles which result 
eventually in costly mill repairs. 


Save on replacement materials. Lorain 
Liner Plates are so rugged they'll wear 
‘til they're paper thin without failing! 
And because the plates are interchange- 
able, severe localized wear at feed or 
discharge ends of the mill may be bal- 
anced just by reversing the worn plates 
to the opposite end. You get the full 
life of your linings when they're US'S 
Lorain Rolled Plate Linings! 


There are U'S’S Lorain Rolled Plate Linings to fit any type of mill— 
for wet grinding or dry. Available through leading mill manufacturers 
whose names will be furnished upon request. 


@ For still lower grinding costs 
and higher grinding efficiency, 
specify U-S-S Grinding Balls for 
your mill. They're made to 
exacting specifications . . . are 
carefully tested from raw mate- 
rials to finished product to as- 
sure surface hardness and maxi- 
mum hardness penetration. 
Available in diameters from "’ 
to 5”. For further information 
send for our free booklet on 
U-S'S Grinding Balls. 


For uniform, efficient grinding action 
specify U-S*S GRINDING BALLS, too 


United States Steel Company 
Room 2802-X, 525 Williem Penn Place 
Pittsburgh 30, Pa. 


UNITED STATES STEEL COMPANY, PITTSBURGH, PA. - COLUMBIA-GEWEVA STEEL DIVISION, SAN FRANCISCO 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


UNITED STATES STEEL EXPORT COMPANY, WEW YORK 


U-S*S LORAIN ROLLED PLATE LININGS 
AND U-S°S GRINDING BALLS 
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Japanese Group to Assist 
_U.S. Firm in Malayan Mine 


A Japanese mining firm will assist 

the Metal Export Corp., an Ameri- 

| can group registered in Panama, in 

developing an iron mine at Tama- 

| gan, Malaya. The Japanese mining 

| firm, Kokan Kogyo, operated the 

| Tamagan mine prior to World War 
Il 


RUSHES BY 


During the war, the mine was 
| siezed as alien property. The Metal 
| Export Corp. bought the rights and 
| asked the Japanese firm for techni- 

cal and financial assistance in operat- 
| ing the property. A spokesman said 
| a request will be made to the 
Japanese Export Import Bank for a 
1 Billion Yen loan for equipment 
| needed for the development when 
| entry permits are granted by the 
Malayan Government. 

The Japanese company plans to 
supply Japan's three leading steel 
manufacturers—Yawata, Fuji, and 
Nihon Kogyo, with 500,000 tons of 
iron ore annually. 


MAYBE IT’S A JAW CRUSHER | 


I Ares Round Mountain Assumed 
rt could be that a jaw crusher is the ideal type of crusher for your reduc- | 

tion job. If so, most people that know say the Kue-Ken is the best of all By Morrison - Knudsen 
jaws. But it’s entirely possible that another type of crusher or grinder will The Nye County, Nev., low grade 
do the job better and at less cost. If that’s the case, we'll tell you wi gold ore mining of Round Mountain 
ell without Gold Dredging Co., have been taken 
hesitation, because we make a large and varied line and it’s to our advan- over by the Morrison-Knudsen Co., 
tage to see that you g tee - : : of Boise, Idaho. The latter will 
8 . f y . get the machine at's best for ata job. Our job operate under contract to Round 
analysis service won't cost you anything and it may save you a lot. Write us. Mountain, delivering ore to the com- 
pany stockpile on a fixed sum basis. 
The Round Mountain mine was the 
PENNSYLVANIA CRUSHER COMPANY first big volume, low grade gold min- 
ing operation in the world. The $2.5 
1728 Liberty Trust Building, Philadelphia 7, Pa. million project was financed by Yuba 
Bert Consolidated Gold Fields, Inc., and 
snares Wren Werks the Fresnillo Corp. Opened in 1950, 
Pittsburgh * Birmingham * Tampa * the mine has never been up to 

Crosby, Minn. * Los Angeles * Londen, England capacity. 
send for bulletins Under the new arrangement, 
| Round Mountain hopes to mine and 
| wash 500,000 tons of ore a month. 
The mill has a 17,000-ton-per-day 
capacity. 


| NPA Moves to Facilitate 
of Mine Equipment 


In an attempt to get more mine 

equipment, the National Production 

| Authority will ask manufacturers to 

| submit monthly shipping schedules. 

| Formerly, reports were required on 
a quarterly basis. 

NPA officials said the report will 
be sent to makers of crushers, kilns, 
coolers, dryers, ball mills, mine 
hoists, and ore dressing equipment. 
All of these items are considered in 
short supply. Need for the machinery 
is expected to increase during the 

| next two or three quarters. 
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Expect 10,000 Tons 


Per Day at Munson Mine 


United States Steel's coal mine at 
Munson, W. Va., is now producing 
4000 tons of high-grade metallurgi- 
cal coal a day, with an expected out- 
put of 10,000 tons per day when in- 
side development is completed. 

Located 2160 ft above sea level, 
Mine No. 14 is the sixth major opera- 
tion by the company’s coal division 
in the district. Other mines are 
located at Gary, Ream, Filbert, and 
two at Wilcoe. All coal from the 
new operation is sent to U.S. Steel 
mills in Indiana, Illinois, and Ohio. 

Modern mechanical and mining 
equipment is used throughout, in- 
cluding combination drilling and 
cutting machines, and high speed 
loaders. More than 27 miles of track 
have been laid. 

More than a million and one half 
cubic yds of earth and rock were 
moved from the mine site in order 
to make the mine accessible by auto. 


Complete plants 
for crushing ores and 
non-metallics 


; 


Foote to Build Largest 
Lithium Processing Plant 


Foote Mineral Co., will build the Crushing plent at Portiend, Colorede, reducing 
world’s largest lithium chemical limerock and shele to 4%" size, 300 tons per hour. 
processing plant at Sunbright, Va., as 
part of a three-way expansion pro- 
gram involving approximately $3 @ Ev fu of the 
million. nction completed 

The company also plans to triple we plant 


its output of lithium ore at its Kings must be engineered with the whole opera- 


Mountain mine in North Carolina. 


In addition, facilities will be con- tion in view. Advantage in one department 


structed for quarrying and process- 
ing limestone at Sunbright. Lithium must not create lems elsewhere 
has been placed in Group I, which prob . 
comprises materials currently insuf- 
ficient to meet demands, by the De- 


fense Production Administration. aa Stearns-Roger offers COMPLETE serv- 
ice, engineering, design, manufacture, 
Oliver Mining Options and field construction. Whether you plan 
5400 Acres in Ontario an entire new plant or modernizing or en- 


Oliver Iron Mining Co., subsidiary H isti ; 
aon ne ee larging existing structures, you will be well 


acres of farm land near Simcoe, ; ; shel. 
repaid for using the complete facilities of 
netic anomaly, revealed by Ontario 
Department of Mines maps, suggest- 
ing iron ore at depth. 

Two other major steel corporations 
are actively exploring southern On- 
tario. Jones & Laughlin Steel Corp. 
started drilling near Port Hope, 150 
miles east of Simcoe in May. Beth- 
lehem Steel Corp. began drilling at 
Marmora, north of Belleville, earlier 
in the spring. 

The area explored by Oliver lies 


on the north shore of Lake Erie, and eee > 

the Jones & Laughlin and Bethlehem 
developments are on the shore of 

Lake Ontario. All of these sites offer : 

short rail and lake routes to the mill 

areas in the US. 


(Continued on page 651) ae 
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teams of track- 


s loaders and electric 
diesel shuttle cars 
call under 


Below: Joy Wagon Drill 
specially adapted to 
drill at any 


toe- to 
tals 9° high. 


nig 
6: Left: The Jor HS-15 high speed 
= drill for ground blast holes 
Sime for dililing. Below: Joy Hydro Drill Jibs are 


«= 


Above: Joy builds a complete line 
of “Silver Streak” Hand Tools, 
cadmium-plated for rust protec- 
tion and easier running in. 


” Air Com- 

ssor—offers a complete line of 

Eighty low maintenance 
airplants up to 3656 CFM. 


FICES; HENRY W. OLIVER \ PA 


| 
| 

= Above: Joy Wagon Drills (Medium and Light- Above: Joy Champion Rotary Drills set absolutely new stand- ; 

weight models) are units = ards in west gelled 

juve ing brakes quick set-ups as others. in two “pro 
drilling on any terrain. for diesel, gasoline engine of electric motor drive. 

Core Drills range i Left above: Joy's popular Series 80 Above: H Drill Jibs 
250 to 1750 feet of 4 Portable the readily EY 
1" hole. Screw feed or hydraulic 3 famous “Econo-Miser™ coa- ing, et. secondary drilling or 
dive. * 60 two 630 CFM. mining. 

3 


JEFFRE Y 
BELT CONVEYOR 


@ An economical means of advancing 
transportation is provided with this Jeffrey 
64-A Sectional Belt Conveyor with its 
intermediate sections. 


It is frequently used where ore and other 
material must be moved continuously over 
long distances . . . has been operated in 
lengths exceeding 3,000 feet. 


The Jeffrey 64-A Belt Conveyor is available 
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in three belt widths—30, 36 and 42 inches. 
Range of speeds vary from 175 to 500 feet 
per minute—capacities up to 18 tons per min- 
ute, depending upon speed and size of belt. 


While built in standard units for quick, low 


_ cost extension of the haulage system, each con- 


veyor is engineered to meet your conditions. 
For fast, economical transportation—above 
or below ground—consult a Jeffrey Engineer. 
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DMPA Bonus Program Set 
For Columbium -Tantalum 


The Defense Materials Procure- 
ment Agency announced establish- 
ment of a government guaranteed 
purchase program for columbium- 
tantalum bearing concentrates 
needed for defense purposes. 

The incentive bonus will approxi- 
mately double the current market 
price. Jess Larson, DMPA Adminis- 
trator, said the purpose of the pro- 
gram is to stimulate development of 
columbium and tantalum deposits in 
the United States and abroad. 
Dealers, as distinguished from pro- 
ducers, do not stand to benefit from 
the premium prices offered by the 


government. The bonus amounts to | 


100 pct of the basic price, and is pay- 
able by the Government only to the 
actual producer of the ore. 

The price schedule set forth in the 
regulation establishes the base price 
as $1.40 per pound combined con- 
tained pentoxide for ores and con- 
centrates containing a minimum of 
35 pet of columbium and tantalum 
pentoxide. Provision is made for 
payment for higher grade material. 
The Fansteel Metallurgical Corp., 
North Chicago, was designated pur- 
chasing agent for the Government. 


Combined Metals 


Expansion Program 
Nearing Completion 


Combined Metals Reduction Co., 
expects to complete the $5 million 
expansion program at its Castelton 
mine, largest underground mining 
operation in Nevada, by Aug. 1. 

The program will increase produc- 
tion from 700 to 1600 tons per day 
and raise mill capacity from 1100 
tons per day to 1900 tons per day. 
Iron and manganese will be pro- 
duced in addition to present lead and 
zine concentrates. 

Plant expansion includes a new 
flotation section, third grinding sec- 
tion, and sink-float plant. New 
equipment, hoist, compressor and 
pumps will enable the mine to in- 
crease its daily tonnage. The Castel- 
ton plant, originally built in 1941 to 
treat sulfide ores, will be able to 
treat oxidized manganese, lead, 
silver, zinc, and iron ores. 

Pioche Manganese Co., a subsidi- 
ary of Combined Metals Reduction 
Co., will produce ferromanganese 
from parent company ores in a plant 
under construction in the old Basic 
Magnesium factory, Henderson, 
Nevada. This plant reportedly cost 
$3 million and includes two electric 
furnaces. Pioche Manganese may 
later occupy Unit 10 of the Basic 
Magnesium building for a smelter, 
possibly treating lead and zinc ores. 


American Zinc, Freeport Sulphur Scheduled 
To Send Exploration Teams to Newfoundland 


American Zinc, Lead, and Smelt- 
ing Co., and Freeport Sulphur Co., 
are scheduled to send exploration 
teams to Newfoundland to probe 
mineral deposits, according to the 
Newfoundland Labrador Corp. 

The corporation is a crown com- 
pany formed to carry out the govern- 
ment’s part in economic development 
of Newfoundland’s natural resources. 
Two groups from American Zinc will 
explore for base metals in an area 


north of the head of Bay d’Espoir on 
the south coast. The company will 
make an initial expenditure of $50,- 
000. Lead already has been reported 
in the area. 

Freeport Sulphur will operate in 
the Gander Lake and Gander River 
areas. Encouraging results from an 
aeromagnetic survey by the govern- 
ment corporation are said to be the 
motivating reasons for interest 
shown by the American companies. 


STEEL PRODUCTS FOR THE MINING INDUSTRY 


OCK 
BOLIS 


This modern means of mine roof or wall support provides 
greater safety, economy and better housekeeping...here's 


why: 


© Support is furnished within a few inches of the face or 
heading. Blasting has little or no effect on the bolls. 


@ More clearance is provided overhead and on the sides. 

@ Ventilation is improved by the elimination of 
crossbars and posts. 

@ Bolts store in less space...handling and 
transportation costs ore reduced. 

@ Less installation work is required thon for timbering. 


Investigate the use of CF&I Rock Bolts for your own mining 
operation. Write for additional information. 


CF8I Products for the Mining Industry 


Cal-Wic Wire Cloth Screens + Mine Rails and Accessories 
Rock Bolts + Wickwire Rope + Grinding Balls - Grinding Rods 


THE CALIFORMIA WIRE CLOTH CORPORATION, OAKLAND 
THE COLORADO FUEL AND IRON CORPORATION, DENVER AND WEW YORK 
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HEN the Bolivian revolutionary government 
clamped a government monopoly over the ex- 
port and sale of minerals, it served notice to the 
world that it intends to be pretty tough to deal with 
in the future. The official Miners’ Bank will handle 
all mineral exports, buying raw materials from pro- 
ducers, and selling to foreign buyers. Another sec- 
tion of the decree gives the Government increased 
control over the mining industry by providing that 
Bolivian producers will be paid in native currency 
at a figure equal to the export price, less handling 
costs, and a 15 pet commission. The central bank 
will sell foreign exchange to the mining companies 
for the purchase of equipment, dividend payments 
and interest, and other specified purposes. 

The order seems to be a prelude to the nationali- 
zation of the mines. The Government and trade 
unions have been studying the move for some time. 
Nationalization is one of the promises made by the 
new government when it rode into power. A recent 
documentary film made by the UN presents the idea 
that Bolivian mines need mechanization, playing up 
the crude methods used, and outlines the poverty of 
the workers. The situation has been overly simpli- 
fied. It involves much more than poverty. Before 
the Bolivian miner can be helped, a vast program of 
education is needed. He cannot be given something 
he will not accept. Nationalization cannot in itself 
solve the situation. The Bolivian Government can 
expect only that it will drive away foreign investors. 
It has been estimated that some $40 million would 
enter Bolivia in 1952. A fair share of the money 
would have come from the U. S. 


NDUSTRIAL accidents last year claimed 16,000 

lives, partially disabled 89,000, and temporarily 
disabled 2 million. The figures emerged during the 
three-day safety conference convened by President 
Truman, who called upon the House to enact mine 
safety legislation without delay. He wants a law 
which will give the Federal Bureau of Mines the 
power to enforce Federal standards of coal mine 
safety. Industry efforts in general to promote safety 
consciousness are falling far short of ideal effective- 
ness, The steadily increasing manpower loss, if 
it continues, may spell out a definite threat to the 
national defense effort. Labor reserves are only 
one sixth of what they were in 1939. Under the 
present dual economy of guns and butter, the U. S. 
cannot afford the loss in its laboring force, simply 
because the available replacements are limited. 
Enough man-hours are being lost because of death 
and injury to add up to a number of planes, tanks, 
guns, refrigerators, automobiles, and other things 
that comprise the dual economy under which the 
U. S. now lives. 

Legislation alone cannot solve the safety problem. 
The Bureau of Mines reports deaths in metal mines 
declined during 1951. Coal mine fatalities were up 
from 0.65 per million man-hr in 1950 to 0.83 in 1951. 
Almost all safety experts agree that the problem is 
a personal one. Every miner must be made to under- 
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stand that his safety is dependent upon active self- 
interest. Mine operators, viewing the situation 
objectively, maintain that one of the factors in mine 
accidents during the early part of 1952 has been the 
general labor unrest. That Congress can legislate 
this situation out of existence is open to debate. 

The efforts to make the miner understand his role 
in safe operation have met with some success. Vari- 
ous groups have made steady gains in that direc- 
tion. The Hero Award Committee, by recognizing 
extraordinary actions on the part of the men who 
work the mines, has lent impetus to the idea. Recog- 
nition is given to those men who risk their own 
lives to save others, or take some concrete action 
which leads to the saving of life. 

Another safety promotion program is the Seni- 
nel of Safety Award, sponsored by the Explosives 
Engineer. As industrial production is stepped up, 
the danger ratio increases. The last war taught the 
U. S. a hard lesson—which appears to have been 
forgotten to some extent. During World War II, in- 
dustry lost 1,147,208,000 man-days, or enough time 
to build 52,949 heavy bombers. The nation can ill 
afford a similar loss again. 


OAL mining history might well be called an 

account of crisis compounding crisis. The indus- 
try, throughout its life, has faced a series of prob- 
lems which had to be met if the industry was to 
survive. The internal combustion engine and the 
household oil burner took away markets which were 
once the sole property of the coal producers. But the 
industry survived. Higher labor costs threatened to 
make mining an uneconomical investment, but 
mechanization, bringing increased production, saved 
the day. 

Today, the use of natural gas threatens to take 
away additional markets. The steady growth of a 
web of pipe lines, spreading its tenacles throughout 
the country, will certainly cut into the amount of 
coal needed fof manufactured gas. Coal must find 
other means of utilization. 

Joseph Pursglove, Jr., vice-president of the Pitts- 
burgh Consolidation Coal Co., at a recent meeting of 
the American Mining Congress, cited transportation 
costs as one of the deciding factors in the future of 
coal. The road seems well outlined. Coal can never 
hope to compete with natural gas in the area of 
transportation costs. Right now, the aluminum in- 
dustry is seeking the cheapest possible power for its 
reduction and fabricating plants. An answer to the 
problems of both industries might be to build alumi- 
num plants near coal mines. Electric generating 
plants could be constructed near the mines, also. 
The cost of shooting electricity through wires is 
much less than transporting coal in gondola cars. 
Another field for investigation is the conversion of 
solid coal into liquid fuel. Progress in that direction 
has been made, and in the end may prove to be one 
of the most important new uses for coal. 

Longwall mining, abandoned as a standard prac- 
tice years ago, is regain.ng new interest because of 
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the possibilities of recoveries of up to 90 pct. Engi- 
neers are currently studying European equipment. 
Being used experimentally are the Samson stripper, 
the Meco-Moore longwall machine, the Lobbe coal 
plow, and the Dosco lengwall machine. The Domin- 
ion Steel & Coal Co. reports success with the latter 
machine in its Nova Scotia installation. The machine 
offers possibilities of mining coal seams of varying 
thicknesses down to thin seam coal. Use of the long- 
wall method retreating, may double recoveries. In 
addition, mining costs can be reduced by less com- 
plex handling of mined coal and simpler ventilation 
circuits. 


ANDREW FLETCHER, President of St. Joseph Lead Co. 


T. JOSEPH Lead Co., is entering the oil business. 

Andrew Fletcher, St. Joseph president, stated 
that plans call for a contract with the Continental 
Oil Co., to drill 11 exploratory wells. Six will be in 
Texas, one in southern Louisiana, one in northern 
Louisiana, and one each in California, Oklahoma, 
and Montana. St. Joseph is also negotiating a con- 
tract with the Zephyr Drilling Co., for wells in Wy- 
oming and Colorado. St. Joseph is planning to drill 
another well on a 6000 acre plot in southern Illinois. 
Proxies issued before a special meeting of the board, 
said the new venture is not intended to change the 
general character of the company’s business, or to 
involve a significant part of its resources. 

If gas, oil, or minerals are discovered in paying 
quantities, the company will develop and operate 
the deposits and dispose of the products for the joint 
account of Continental Oil and St. Joseph Lead. 
The mining company will contribute a proportionate 
share of the cost, but will have definite limitation 
of its obligation. 

The amendment to St. Joseph's certificate of 
corporation, passed by the board meeting, also ex- 
tended the power of the company to include mining 
operations of all kinds. 


Mining Engineering 


nends 


OVERNMENT officials, in a joint statement, 

urged a more aggressive mineral exploration 
effort within the U. S. Interior Secretary Oscar L. 
Chapman and Jess Larson, administrator of the De- 
fense Materials Procurement Agency, emphasized 
the need for the expansion of future reserves, both 
for civilian and military use. The U. S. is extracting 
more mineral wealth from the earth than at any 
other time in its history—but consumption is eating 
into reserves at a tremendous rate. The future of 
the U. S. may depend on what is uncovered in the 
next few years. The nation is approaching the point 
where depleting natural resources may hurt its po- 
sition on the world market. In years to come, the 
advantage the U. S. enjoys may be nullified. 


ENNECOTT Copper Corp., has come up with a 
new application for two-way radio equipment 
which promises to have far-reaching results. Two- 
way sets have been in operation at the Santa Rita, 
N. Mex., open pit. The locomotive whistles and 
telephones formerly used were found to be im- 
practical during blasting operations. Now, 20 mobile 
sets, spotted around the pit, are in constant com- 
munication with each other and a central, stationary 
set installed in the control tower. The company 
reports a definite increase in efficiency and safety. 


UMOR piled on top of rumor in western Ontario, 
but no one seemed to have anything resembling 
concrete information. Reportedly, options on certain 
tobacco lands along the Canadian shore of Lake 
Erie, near Simcoe, were being granted. The news 
began to leak out early in May and everyone from 
Bethlehem Steel to a U. S. tobacco company was 
named as the taker. And then the story broke. 

U. S. Steel’s subsidiary, Oliver Mining Co., had 
taken options on 5400 acres of valuable tobacco land 
and had scheduled drilling operations. A magneto- 
meter survey released by the Ontario Dept. of Mines 
re-enforced a report made in 1934 indicating iron 
ore in the western Ontario region, near Simcoe. 
Jones & Laughlin has already started to drill at Port 
Hope, some 150 miles from Simcoe and Bethlehem 
also is operating at Marmora, Ont. 

Development of western Ontario into an iron ore 
producing area may be of vital importance to the 
defense of North America. Planners have long feared 
that the Sault Ste. Marie locks could be destroyed 
by enemy bombers in a shooting war, cutting off ore 
supplies from the Steep Rock region. If ore in 
mineable quantities is found near Simcoe, a direct 
rail connection is available to take it to Port Ryerse, 
a short haul across the lake to Lorain, Cleveland, or 
Conneaut, Ohio. The ore is said to be at the 3000 ft 
level. It may take months before the quality of the 
ore is known, and years before development reaches 
production stage. 
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Gives You 
These 


LESS BLINDING! Sticky materials go through slotted openings between rods 
with less trouble than through conventional wire cloth or perforated plate. 
Rods provide a positive cutting action, 

GREATER CAPACITY! Undersize passes long openings between rods more 
readily than through conventional screen surface. There's more open area — 
and cross wire blockage is eliminated. More tonnage and larger feed can 
be handled with a rod deck screen. 


LONGER LIFE! Rod deck design permits using heavy % to % in. rods. The 
rod deck costs less to operate than a conventional screen — you need only 
replace worn rods, not an entire screen surface. 


Riple-Fle is on Allis-Chelmers trodemark. 


ALLIS-CHALMERS 


Uy) 


MONEY-SAVING APPLICATIONS 
@ For scalping ahead of crushers. 
©@ Preparing grinding mill feed. 

@ To replace conventional double 
deck screen. Rod deck requires 


less head room, reduces operat- 
ing cost, handles larger size feed. 


@ Any screening operation where 
square separation is not necessary. 


Find out how rod deck screens can 
cut costs and reduce downtime in your 
operations, Call the A-C representa- 
tive in your area, or write to Allis- 
Chalmers, Milwaukee 1, Wisconsin. 

A-3752 


Vibrating Screens 
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Jow Crushers Gyratory Crushers Grinding Mills _‘Kilns, Coolers, Dryers 
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EDITORIAL 


FOREIGN MINERALS — OUR SECURITY 


EPENDENCY on foreign sources 

for many mineral raw materials 
is a characteristic of our economy 
which is becoming painfully evident. 
Although investment in foreign min- 
ing projects has increased, it has not 
kept up with the growing demand 
for foreign minerals. The sphere of 
American investment capital in min- 
ing ventures abroad has been se- 
verely limited by the rise of national- 
ism in many underdeveloped coun- 
tries. Consequently, we can look 
back over half a century in which 
mining investment, exclusive of pe- 
troleum, has increased by 50 pct 
whereas other American investments 
abroad have multiplied by better 
than 300 pct. 

Investment in foreign mining or 
petroleum encounters different prob- 
lems than capital investment for 
other industries. It is rarely in- 
vested in industrialized nations. Most 
of it goes to countries with expanding 
frontiers, like Canada, or to under- 
developed nations like Liberia. It 
must be used for building communi- 
ties, recruiting and training labor, 
and establishing lines of communica- 
tion and transportation. These com- 
plications are an accepted part of the 
mining game. However, the most 
complex problem is in those countries 
which consider mineral exploitation 
a usurpation of the people’s natural 
heritage. This is a characteristic of 
the young government existing by a 
tenuous balance of power in an 
underdeveloped nation. American 
mining capital understandably has 


shunned these nations as being poor 
investment risks. However, they 
possess minerals which are needed 
by industry. 

Our government has attempted to 
stimulate mineral supplies beyond 
those provided from abroad by pri- 
vate capital. ECA, now under DMPA, 
makes loans to foreign mining com- 
panies. Since the ECA program can- 
not be expected to continue indefi- 
nitely, Point IV seems to be the 
logical next step to encourage foreign 
countries to fill our shortages. How- 
ever, only 1 pct of the $35 million 
budget provided in the first year for 
Point IV was alloted for mining pro- 
grams. Considering the need for min- 
erals and the difficulties of procuring 
them by private investment, a larger 
share is needed and justifiable. 

Those who have been engaged in 
foreign mining can vouch for the fact 
that it takes many decades to teach 
the complex technology and econom- 
ics of mining to the natives of under- 
developed countries. For this reason 
Point IV must be considered a long 
range program. Mineral require- 
ments for the present must be met 
by more direct measures. Encourage- 
ment of private investment in for- 
eign mining by such incentives as tax 
relief on profits from foreign sources, 
international bank-borrowing facili- 
ties for private capital, and diplo- 
matic assistance in encouraging for- 
eign countries to cooperate are 
imperative for our future mineral 
security. 
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You Get Better 


Classifier Performance 
with the Exclusive Mechanical Features 
of WEMCO S-H CLASSIFIERS 


The outstanding mechanical features of the WEMCO S-H Classi- 
fier are your assurance of better classifier operation—in terms 
of increased operating time, greater capacity, sharper separa- 
tions, lower operating and maintenance costs. Sound engi- 
neering reasons account for these operating advantages, all 
of which are related to these WEMCO design features : 


40% greater shaft strength, for protection against 
shutdowns, is provided by WEMCO's large diameter 
tubular shafting. 


and large cross-section, short cast steel flight arms. 
Shoe replacement costs have been reported as low as 


? Longer-life wearing shoes of tough, thick alloy 
4/100 of 1 cent per ton. 


Foolproof, efficient bearing units are of the anti- 
friction type. Lower unit is grit-proof; upper unit is 
gudgeon type mounted on hub of bevel gear, designed 
for extra long life. 


Simple, hydraulic lifting device gives uniform ac- 


tion and complete protection from clogging or jamming. 


Smooth, efficient drive uses standard speed motors 
and a new type cone gear reducer for maximum effi- 
ciency of power transmission. 


Consult WEMCO on your classifier problems — write today for full in- 
formation and oa WEMCO dation — no obligati 


OTHER WEMCO PRODUCTS 
Mobil Mills * Coal Spirals * HMS Thickeners 
HMS Pumps * Densifiers * Cone Separators 
Drum Seporotors * Fagergren Laboratory Units 
Fagergren & Steflensen Flotation Machines 
Hydroseporotors * HMS Laboratory Units 
Dewotering Spirals * Agitotors * S.-H Classifiers 
Thickeners * Sand Pumps * Conditioners 
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Before this antiquoted Chile mill con be replaced with modern crushing equipment, Latin-Americon mining lows will have to 
emerge from the present maze inhibiting foreign investment. The legal tangle serves to retard progress. 


A Survey of 


Latin-American Mining Law 


by Edward M. Weiss 


HE emphasis in some political quarters on hem- 

ispheric unity and defense indicates Latin 
American mineral resources should be more ex- 
tensively developed. However, United States min- 
ing companies have, in many instances, been dis- 
couraged by the laws of southern neighbors. At 
the same time, some of the countries have liberalized 
their mining laws in an effort to attract investments 
from the United States. The resultant confusion 
has been detrimental to all concerned. 


Ownership of Mineral Deposits 
Examination of the mining codes of Latin Ameri- 
can countries shows that, without exception, govern- 
ments reserve the right of direct ownership of all 
mineral resources. Ownership can be divided be- 
tween the Feredal Government and the states or 
among the Federal Government, the states, and 
private individuals. However, in the majority of the 
nations constitutional authority vests all mineral 

rights solely in the Federal Government. 
Mexico is the only country that has expressed 


MR. WEISS is with Foreign Minerals Region, U. S. Bureau of 
Mines, Washington, D. C. 


Federal ownership as imprescriptible; the other re- 
publics have not defined the exact significance of 
government ownership. The implication derived 
from the general economic and political climate is 
that all mineral resources are ultimately to be re- 
garded as a national heritage. 

Whether a concession granted to an individual or 
corporation carries any right of private property is 
shaded with a variety of meanings. The exceptions 
at one extreme are Argentina and Bolivia, whose 
laws state explicitly that a concession granted to a 
juridical person is an act of the state, and the land 
becomes the private property of the individual, and 
the concessions constitute real property. 

However, in Mexico mining concessions or grants 
do not create rights of fee-simple ownership. The 
concession only conveys the exclusive right to ex- 
plore, develop, and work the deposits. The mining 
property remains the property of the state. 

In some instances exploitation concessions repre- 
sent a compromise between private and govern- 
ment ownership. In Honduras the period granted 
to a mining enterprise is fixed at 90 years. At the 
end of that time, the enterprise and all! installations 
revert to the state without compensation. 
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In many Latin American countries laws govern- 
ing ownership and disposition of mineral deposits 
are either nonexistent, as in Ecuador, E] Salvador, 
Honduras, Panama, and Paraguay, or greatly out- 
dated, as in Guatemala and Costa Rica. In the 
former country a new and more liberal mining law 
has been presented to the Legislative Assembly by 
the Ministry of Agriculture and Industries. If an 
individual or company wishes to exploit a mineral 
resource in these countries, a contract must be ne- 
gotiated and the final terms approved by the con- 
stituent assembly or congress of the country. This 
practice is quite common in the Central American 
republics, where interest in mining has recently 
been stimulated. 


ered government property, regardless of surface 
ownership, but concession may be granted to ex- 
ploit these minerals. 

In some countries specific minerals may be sub- 
ject to expropriation by declaring them a public 
utility. This right is reserved in the mining codes of 
Argentina, Uruguay, and Venezuela. Under the min- 
ing laws of Venezuela, the national executive can 
exclude from normal channels of exploitation any 
or all mineral substances found within the republic. 
Under this authorization, the exploration for beryl 
has been reserved to the state. Argentina has re- 
stricted the export of all strategic minerals. 

The concessions granted by Latin American Gov- 
ernments to explore or exploit their mineral re- 


High in Peru's Andes, copper ore is carried along by cerial tram. Foreign investment, operating under favorable lows, has been 
where unavailable. 


able to modernize mines in 


Venezuela is the only country in which ownership 
is vested solely in the states of the republic. The 
constitution, however, specifies that, although the 
states are sole owners of mineral deposits, adminis- 
tration of the deposits is a function of the national 
government. Thus, exploitation concessions can be 
granted by the states, but only in accordance with 
national regulations. 

In some instances the ownership of mineral re- 
sources may be divided among three owners as 
occurs in Colombia, Cuba, and Haiti. The simplest 
case is Colombia, where the national government 
owns all salt and emerald deposits, the states own 
all gold, silver, platinum, and copper deposits, and 
the land owner holds all other minerals. 

A more complex problem of division of owner- 
ship is posed by Haiti and Cuba, where the owner- 
ship is based upon a legal classification. In Cuba, 
legislation has divided all minerals other than coal 
and oil into three groups. First, nonmetallics, used 
primarily for construction; second, slag heaps, iron 
ore, aluminous earths, and mineral deposits known 
as placers; third, veins of metalliferous substances. 

The minerals included in the first and second groups 
are reserved for public benefit when located on pub- 
lic lands. If they are located on privately owned 
lands, they belong to the owner. In the case of the 
second group, the owner of the land has a preferred 
right to exploit them. If he does not, the Govern- 
ment may expropriate the land after just compen- 
sation. The minerals of the third group are consid- 
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sources are granted to any individual, regardless of 
nationality, except in Brazil, Mexico, Uruguay, and 
the Dominican Republic. The Brazilian Constitution, 
promulgated on September 18, 1946, provides that 
authorization to engage in mineral exploration and 
development may be granted only to Brazilian citi- 
zens. However, the Department of Mineral Produc- 
tion, with the consent of the Minister of Agriculture, 
considers constitutional requirements satisfied if 
companies are organized in Brazil under Brazilian 
legislation. 

Mexico has a more stringent provision regarding 
nationality. The sections pertaining to mining in the 
Mexican Alien Law of 1925 limit the acquisition of 
mineral concessions by foreigners or by Mexican 
mining companies with foreign stockholders. The 
Secretary of Foreign Relations has the power to in- 
terpret and enforce the Alien Law. It was decided 
that the limitation pertaining to the mining and met- 
allurgical industries would not be enforced. How- 
ever, the Mexican Department of Mines reserves 
jurisdictional power in particular cases. This ambig- 
uous interpretation is an attempt to reconcile desire 
for greater industrialization, with the political eco- 
nomic policies of government control. 


Government Promotion of Mining Industries 
Emphasis in South America has been on develop- 
ment of mining and metallurgical enterprises. How- 
ever, the size of the projects planned and the reluct- 
ance of domestic private capital to take risks make 
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government financing or government participation 
in some form unavoidable. 

Argentina, Colombia, Bolivia, Brazil, El Salvader, 
Mexico, Peru, and Venezuela have general govern- 
ment agencies that offer help and advice to mining. 
The agencies provide technical services, establish re- 
search laboratories, and occasionally furnish financial 
aid. The Trade Development Corporation of Argen- 
tina has been the most aggressive of this type of 
government agency. It has also been active in foreign 
countries in an attempt to gain interest in Argentine 
mining ventures. 

The quasi-governmentai type of organization re- 
sulted either from a government's desire to exercise 
control over the production of a particular mineral, 
or the government invested large sums in mining 
enterprises. Chile dominates the nitrate industry 
through the Chilean Nitrate Iodine Corp. 

In other Latin American countries, mining banks 
have been organized to provide government aid to 
domestic mining. Banks are found in Bolivia, Brazil, 
Chile, and Peru. In Brazil the mining branch of the 


ous business into a substantial part of the country’s economy. 


Bank of Brazil takes the place of a separate mining 
bank. This mining branch plays an important part 
in financing the mining industry and its activities 
provide means by which the government participates 
in mineral exploitation. 

In Bolivia, Chile, and Peru the mining banks have 
confined themselves to ore buying, exploration, and 
technical advice. Mining banks have been especially 
helpful to small operators by buying their ores at 
premium prices and making mining equipment avail- 
able at cost. Another advantage to the small operator 
has been the installation of concentrating and proc- 
essing plants by the mining banks. Life of the de- 
posits has been thus extended by processing low 
grade ores. 


Regulations Affecting Mining Companies 

Latin American governments have increasingly 
tended toward special contractual agreements when 
large mining investments are involved. Interpreta- 
tion of Latin American laws, with regard to the 
amount and kind of investment, must be made in the 
light of the range of negotiation possible with the 
government concerned. 


Donkeys carry ore along a mountain trail in Honduras. Foreign investment is a strong force in changing mining from a hazord- 


The countries presenting the greatest difficulty to 
setting up private mining ventures are Brazil and 
Mexico. The laws of these two countries are generally 
regarded by U. S. business men as rigid and difficult 
to adapt to their undertakings. 

Most of the countries exercise controls over trans- 
fer of profits abroad, dividends, and dollar salaries 
of U. S. engineers. However, in those countries 
where there is active interest in promoting new 
mining ventures, special measures are provided to 
assure the return of profits or amortization pay- 
ments on new foreign capital. 

Another consideration is the employment of 
nationals. All the Latin American countries except 
Argentina state that a minimum number of na- 
tionals must be employed by a mining company. The 
percentage of personnel that must be made up of 
nationals may run as high as 85 to 90 pct, as in the 
case of Bolivia, Ecuador, and Mexico. An additional 
provision in the laws of Colombia and Costa Rica 
states 70 to 85 pct of the total wages must be paid 
to nationals. 


In some countries provisions can be made to 
rescind the regulations in part, particularly during 
the initial phases of a new mining venture, when 
a larger percentage of foreign personnel may be 
required for technical and skilled positions. These 
concessions usually call for a training of nationals 
to eventually fill all positions up to the percentage 
required by law. 
Mining Taxation 

The problem of mineral production taxation is 
perhaps the greatest single factor influencing estab- 
lishment of new ventures. Many Latin American 
countries have taxed the established industries with 
no regard for the unique problems of a mining en- 
terprise. 

However, many countries are concentrating on 
more efficient methods of tax gathering and cen- 
tralization of tax authority. In addition, some coun- 
tries recently offered concessions granting a reduc- 
tion or elimination of the majority of taxes to new 
mining enterprises. The problem of relieving the 
tax burden is complicated. The majority of the 
countries having the greatest amount of taxation 
are those most dependent on this sourde of revenue. 
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The principal taxes found in all Latin American 
countries are: 

l—A canon or license tax, paid annually and 
levied on the area of the land owned. In Haiti, 
Uruguay, and Venezuela a canon or tax is also 
levied on the production of a mining property. 

2—A royalty tax paid to the government, usually 
based on a calculated percent of the value of the 
gross production of the minerals mined. 

3—A profits or income tax, usually levied on in- 
come above a certain minimum. In Chile foreign 
companies are required to pay an additional tax on 
all income derived in the country. Under the liberal 
policy of Peru, payment of the canon and income 
taxes exempts the mining company for 25 years 
from taxes created or to be created in future. 

4—An export tax levied primarily for revenue 
purposes, limited by federal law to not more than 
5 pet ad valorem. 

5—An import tax. Import duties are usually re- 
scinded on equipment and machinery needed for 
developing mining enterprises. 


Bolivian Taxation 

Tax systems of Bolivia and Mexico illustrate the 
main situations in Latin American countries. Bolivia 
represents the tendency to regard the mining in- 
dustries as a catch-all for raising revenue. 

In addition to the ordinary taxes on mining enter- 
prises, a complex series of export duties has resulted 
from additions and alterations of the laws. A ship- 
ment of tin made from the Department of Potosi in 
Bolivia was traced by the U. S. Commerce Depart- 
ment and found subject to the following 15 taxes: 
Basic export duty, applied on the basis of the mar- 
ket price of tin at the date of export; surcharge on 
the basic export duty; statistical tax, for the support 
of the Government Office of Statistics; surcharge on 
statistical tax; department additional tax; university 
tax, for the support of all universities; national de- 
fense tax; tax for printers’ fund; additional tax; 
Potosi Centennial tax; surcharge on Potosi Centen- 
nial tax; Potosi University tax; surcharge on Potosi 
University tax; tin research tax, and social aid and 
Oruro and Potosi University tax. 

The taxes amounted to more than 25 pct of the 
value of the shipment. 


Mexican Taxation 

Mexico, on the other hand, does not depend ex- 
clusively upon mineral taxation as a source of 
revenue, but constitutional policy is that the state 
must have a fair share of the nation’s mineral 
wealth. Consequently, the Government imposes a 
relatively high tax upon mineral resources. 

Although Mexico's tax laws are formulated in 
terms of pesos, the peso price is based on world 
price. Therefore, when the New York price of a 
mineral goes up or down, the peso price in Mexico 
fluctuates with it. 

The principal taxes levied on mining enterprises 
in Mexico are: 

1—A surface tax, which is levied on the title of a 
claim, regardless of whether it is being worked. 

2—A production tax, which is essentially a sev- 
erance tax. Most of the governmental revenue ob- 
tained from the mineral industry is through this tax. 

3—A surtax by which all Federal taxes, including 
export taxes, are increased by 10 pct of the specified 
amount. This surtax is allocated to amortization of 
the federal debt. 

4—Other taxes common to all industry, such as 
income tax, social security, and social benefit taxes. 


660—MINING ENGINEERING, JULY 1952 


5—Export taxes, which are at a specified ad 
valorem rate fixed monthly by the Ministry of Fi- 
nance. 

6—Import taxes, usually suspended on imports of 
machinery and equipment for mining companies. 

7—A special ad valorem export surtax of 15 pct, 
which was put into effect after the devaluation of 
the peso at the end of July, 1948. This tax was to 
capture the exchange profits resulting from the de- 
valuation. Some relief from this tax is afforded by 
the provision that the increment by which the pro- 
duction tax is raised by the devaluation can be ap- 
plied as payment to the surtax. 

Exemptions and reductions of mining taxes in 
Mexico can be obtained in special cases. For instance, 
if a mining property is in an isolated area and has 
never been worked, the production tax is reduced 
50 pct for two years, then gradually increased. 


Exchange Control 

During the depression of the early thirties, the 
Latin American countries joined the movement 
started by various European countries to control 
foreign exchange. At that time, prices of Latin Amer- 
ican raw materials declined more rapidly than the 
prices of imports. Consequently, supplies of foreign 
exchange were reduced, and a rationing system be- 
came necessary. Exchange control was found to be 
useful in aiding Latin American efforts toward 
specific projects. This form of control has been a 
major feature in recent Latin American foreign 
trade policies. 

In most instances, as pointed out by Horn and 
Brice in Latin-American Trade and Economics, 
Latin American exchange controls were made to 
serve specific purposes. These purposes, so far as 
they affect minerals from Latin America, are: 
® Discrimination against certain countries: The Ar- 
gentine Government uses the exchange-control sys- 
tem to favor certain nations with which it wishes 
to increase trade for economic or political reasons. 
Special exchange rates are granted in various trade 
operations. 
® Preferential treatment for necessary imports: In 
Nicaragua, for example, mining equipment is not 
admitted duty free, but it is granted a preferential 
rate in foreign exchange. 
® Acquiring revenue: Some Latin American coun- 
tries acquire considerable revenue from transactions 
under control systems. In Bolivia all foreign ex- 
change obtained up to a certain minimum price set 
for minerals must be sold to the Central Bank at 
the official rate, substantially below the free rate. 
Although exporters of minerals can deduct certain 
dollar costs for production charges, these do not in- 
clude dollar salaries of U. S. engineers or dividends 
on dollar investments in the mines. When mineral 
prices rise above the set minimum, exporters are 
required to sell additional foreign exchange without 
deductions of any kind. 
®& Stimulating certain exports: The kinds of com- 
modities exported have been influenced by differ- 
entials in the rates at which exporters sell the ex- 
change proceeds of their exports. Because of this, 
most minerals are in a less-favorable position than 
other exports. 

The only Latin American countries that have not 
controlled their foreign exchange are Cuba, the 
Dominican Republic, El] Salvador, Guatemala, Haiti, 
Mexico, Panama, and Venezuela. Most of them have 
granted authority to their national banks to estab- 
lish exchange controls whenever necessary. 
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Point lV — 


Medieval Mining Frontiers 
Pushed Back 


by Alan Probert 


N-his inaugural address in 1949, President Truman 

made a policy declaration which launched the 
foreign technical assistance program known to the 
world as Point Four. Congress passed Public Law 
535 defining the scope of the program and holding 
activities to certain limitations. It also provided 
$34.5 million for the first fiscal year. 

The Technical Cooperation Administration was 
established within the Department of State to co- 
ordinate and direct a program to include “economic, 
engineering, medical, educational, agricultural, 
fishery, mineral and fiscal surveys, demonstration, 
training and similar projects.” The mineral pro- 

MR. PROBERT is Assistant Regional Director, Foreign Minerals 
Region, U. S. Bureau of Mines, Washington, D. C. 


grams of Point Four have been staffed and managed 
by two agencies of the Department of Interior, the 
Geological Survey and the Bureau of Mines. The 
Geological Survey is concerned primarily with 
water-supply problems, the discovery of mineral 
deposits, and the determination of habit, shape, and 
grade of mineral deposits. The Bureau of Mines is 
concerned with determining the commercial po- 
tentialities of mineral deposits, mineral technology, 
and the production and distribution of mineral com- 
modities. Mineral projects comprised only 1 pct of 
the first year’s budget. In spite of the relatively in- 
significant expenditure compared to those for food, 
agriculture, and health, a commendable record has 
been achieved. 
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A Brazilion chemical engineer, training under the Point |V program, 
is acquiring technical skill in oil-shale processing at Bureau of Mines 
focilities at Loramie, Wyo., and Rifle, Colo. Because it now imports 
petroleum products at high cost, Brazil plans to develop its oil-shale 


resources. 


Mexican Point IV trainee samples washed coal from heavy-medium 
piiot plant, Northwest Experiment Station, U. S. Bureau of Mines, 
Seattle, Wash. He is studying coal technology and may some day 
help to solve some of Mexico's fuel problems. 

we 
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A Brazilian chemical engineer works the control panel at the Rifle, 
Colo., demonstration plant of the Bureau of Mines. He is studying 
retorting and refining as a Point IV trainee. 


Point Four mineral projects are wholly devoted to 
technical assistance in cooperation with other gov- 
ernments and have no direct responsibility for pro- 
curement. The objective of the program is to impart 
American skills and techniques directly to the 
peoples of industrially underdeveloped countries. 
However, a project which results in technological 
progress in minerals production must add to the 
supply of mineral raw materials in the markets of 
the free world. 

According to the broad conditions for cooperation 
that determine the pattern of operations, requests 
for assistance originate with the government of the 
foreign country, reaching the United States through 
the channel of the host government’s foreign office 
and our Diplomatic Mission. The agreements con- 
tain conditions clearly indicating the contribution 
expected from the host government. .. . “Assistance 
shall be made avaiiable only where the President 
determines that that country being assisted . . . pays 
a fair share of the cost of the programs ...” During 
the first fiscal year it was reported that, for every 
dollar of United States contribution, approximately 
$3 was provided by the cooperating governments. 
This makes it possible to carry on extensive pro- 
grams at low cost to the United States. 

The Bureau of Mines is conducting programs 
under a great variety of conditions. The work is 
directed by the Foreign Minerals Region of the 
Bureau of Mines, with headquarters in Washington, 
through the chief of party in each foreign field office. 
Foreign Mineral staffs range from ore to five em- 
ployees, depending upon the type of technical assis- 
tance requested. A country director appointed by 
the Technical Cooperation Administration is re- 


This Brazilian analytical chemist hopes to increase his country’s 
laboratory output when he returns home after a year's training in 
the U. S. He is assigned to the chemical laboratory of the Bureau 


.of Mines Metallurgical Experiment Station at Salt Lake City, 


learning American analytical methods. 
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One of Brazil's few women chemists is | 9 e at the 
Bureau of Mines oil-shale demonstration Rifle, Colo. 


sponsible for over-all coordination and planning for 
all groups of technicians, including mineral men, 
working within his area. Experience has demon- 
strated that successful programs in the mineral field 
must be provided, with adequate technical support 
and backstopping by the agency at home. With rare 
exceptions, it has been found necessary to provide 


analytical and testing services in the United States 
in greater or less degree, for all field parties. 


Brazil 

The most important foreign mineral project con- 
ducted by the Bureau of Mines involved metaillurgi- 
cal consultatio:: with the Department of Mineral 
Production of Brazil. Operated successfully long 
before Point Four, the program has continued under 
the new arrangement. The government laboratories 
at Rio de Janeiro for metallurgical and beneficiation 
testing and research had been in operation for years. 
In 1942 a Bureau of Mines metallurgist was assigned 
to assist in expanding the services of the laboratories 
under the scientific and cultural cooperation pro- 
gram of the Department of State. Nonmetallics re- 
search was emphasized, but other problems dealing 
with metals also received attention. Important con- 
tributions were made to the national steel industry, 
and valuable practical aid was rendered to a small 
lead mine in Parana State where smelting and re- 
fining had bogged down technically. A 10-year 
agreement was signed for continuing the program 
even before Point Four existed. Cooperative work 
in coal technology in Brazil has been intermittent 
over the past decade. Bureau of Mines and Brazilian 
engineers and technologists worked in harmony in 
developing the republic’s solid fuels industry. 


Point IV trainee from Brazil raking refining slog from Riddle ferro- 
nickel ot U. S. Bureau of Mines Electrodevelopment Laboratory, 
Albany, Oregon. He hod steel melt experience in Brazil and served 
as the metallurgist in charge of refining heots of ferrorickel ot 
Albany. 
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A Mexican national presses briquette made trom low-rank Mexican 
qe coal at Bureau of Mines coal laboratories, Denver Federal Center, i 
ve Denver, Colo. He is doing research with smokeless fuel thet will 
Lag replece charcoal, commonly used in his country. ; 
a This treinee from Mexico (right), may some dey odvance his coun- 
: try’s fluorsper industry. He is at work ot the U. S. Bureau of Mines a 
ac Rolla, Mo., laboratory, where he studies in the gravity section of : 


Afghanistan 

On the opposite side of the world, in the high 
mountains of Afghanistan, the Bureau of Mines 
takes an active part in the program of the Royal 
Afghan Ministry of Mines. A drilling campaign 
supervised by Bureau personnel resulted in publica- 
tion of full information relative to a fair-size chro- 
mite deposit, which has since attracted private cap- 
ital. The mineral resources of the kingdom of 
Afghanistan are not large, but important to the 
economy of the country. Attention has been directed 
toward improvement of coal-mining methods to in- 
sure greater production from the deposits of 
Ispushtu and Karkar, about 200 miles north of 
Kabul, the capital. Transportation is poor, and coal- 
mining methods primitive. No wood of importance 
is available, and liquid fuels are imported at high 
cost. Kabul residents depend upon the irregular 
coal supply for domestic fuel. Currently two Bureau 
engineers are aiding the Afghans to train men and 
improve practice to permit economical and practical 
exploitation of the coal measures. Before mechan- 
ization can be considered, it is necessary to teach 
basic handling of the simplest tools, and to substitute 
systematic mining for the irregular, dangerous 
practices traditionally used. 

Last summer two explosions and a mine fire 
occurred in the Afghan mines, fortunately with few 
fatalities. The fire threatened the entire coal out- 
put, and an expert from the Health and Safety Divi- 
sion of the Bureau flew to Kabul. Prompt and ef- 
ficient action resulted in extinguishing the fires and 
bringing the mines back into production. The quick 
response to the urgent call for help proved to the 
Afghans that the U. S. meant what it said in the 
Point Four declaration. Afghan coal is the key to 
future industrialization. Houses have to be built at 
the mines and machinery substituted for hand labor 
before even minor development can proceed. The 
first steps have been taken, and continuation of the 
present technical assistance program promises future 
improvement. The Deputy Minister of Mines of 
Afghanistan is an engineer. He visited the United 
States last year on a fellowship, and for weeks 
worked underground in the State of Washington, 
where coal occurrences are similar to those of Is- 
pushtu and Karkar. He also visited mining areas 
in many other sections of the U. S. 


Nepal 
About two years ago, Nepal requested technical 
aid for its Ministry of Mines in appraising and eval- 
uatiag the mineral resources of the land, with the 
expectation that primary exploration would provide 
incentives for private capital. A Bureau of Mines 
mining engineer was detailed from Afghanistan to 
take a quick look at the area, gathering information 
on which to plan further investigation if warranted. 
The reconnaissance indicated that a technical aid 
project would be worthwhile, and steps were taken 
to return the same engineer to Nepal the following 
dry season. Nepal is mountainous and largely with- 
out roads in the regions where mineral resources 
are located. The American and a Nepalese engineer, 
accompanied by bearers to carry supplies and equip- 
ment, have been in the field, beyond reach of com- 
munications, for the past two months. Placer and 
vein-gold deposits, zinc and lead ores, cobalt occur- 
rences, and cement rock are being examined. 
Afghanistan is bordered by Pakistan, Iran, and the 
USSR. Nepal is sandwiched between India and 
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Tibet. In both areas the U. S. is doing an important 
job of helping people to a better life and to remain 
free, by giving them technical assistance, thus pre- 
senting another block to communism. 


India 

India applied to the United States for assistance in 
the study of the lignite deposits of Madras as a 
source of much-needed power for industry. In the 
South Arcot district is a large, irregular body of 
lignite, variable in thickness and attitude, buried 
under a thick cover of overburden and plagued with 
artesian water above and below. No economical 
method of exploitation has been devised, but a board 
of investigators has been appointed and the studies 
resumed. The Indian Government asked that the 
Bureau of Mines make available an experienced 
engineer who could work with the board and provide 
contact with the United States that would insure 
that all developments in mechanization and tech- 
nology would receive consideration. The Bureau 
engineer arrived in India last fall. The enthusiasm 
resulting from this cooperative effort has increased, 
and an inquiry has already been received asking for 
further study of lignites in another area of India. A 
general review of the mineral resources is now being 
planned by the country director, who foresees the 
need for coordinating this basic natural resource 
type of investigation with the general Point Four 
technical aid program of that country. India greatly 
increased its shipments of manganese ore to the 
United States after Russia shut off supplies in 1949. 


Mexico 

Mexico has yielded great mineral wealth to the 
world for over four centuries. The Bureau of Mines 
has had a technical aid program in Mexico for a 
number of years with technicians working in metal- 
lurgical and solid-fuel fields. Numerous organiza- 
tions of the Mexican Federal Government deal with 
mineral problems. A little more than two years ago, 
a National Institute for the Investigation of Mineral 
Resources was established. Representatives of the 
10 agencies compose it as directors. The Institute 
coordinates the work of Mexican and cooperating 
United States organizations. 

It must be recognized that organization of govern- 
ment differs in many countries from the American 
pattern. In Mexico, the Commission for Mineral 
Development is also the custodian of the public 
domain relative to mineral lands. It owns and 
operates laboratories and small beneficiation plants 
and metallurgical operations. There are also co- 
operative organizations, the outgrowth of past gov- 
ernment political activity, which are supervised by 
Government-appointed engineers to prevent financial 
disaster. Some few privately owned mines operate 
under loans from Government banking institutions; 
but, by and large, mining in Mexico is done by 
private capital. Requests have been received from 
the Mexican Foreign Office on behalf of the several 
agencies requiring the services of United States 
technicians to work in cooperation with Mexican 
engineers and technologists. 

One project—currently of great importance to 
Mexico—is development of an economic substitute 
for charcoal, traditionally the domestic fuel of the 
country. The Bureau of Mines was asked to partici- 
pate in the study. Two tungsten mills and a fluor- 
spar-beneficiation plant, all privately owned, have 
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also been aided through technical cooperation 
projects in which Mexican and American engineers 
participate jointly. The Government's laboratories 
and technical services are situated at Tecamachalco 
near Mexico City. The facilities of this plant, which 
is part of the Commission for Mineral Development, 
are used in connection with Government-sponsored 
operations, but are also available to private industry. 
Recently, emphasis has been given to the desire of 
the Mexican Government to assist small miners with 
help in the treatment of ores from isolated areas, 
where transportation makes beneficiation before 
shipment a necessary step to exploitation. 


Bolivi 

The low-grade tin ores of Bolivia have been under 
investigation by the Bureau of Mines for several 
years. Fundamental research has been necessary in 
the light of failure of previous attempts at direct 
reduction of tin from low-grade ore, tailings, and 
dump material. All the work is done in domestic 
laboratories of the Bureau of Mines owing to lack of 
adequate facilities in Bolivia. Through the coopera- 
tion of the large mining companies of Bolivia, it has 
been possible to arrive at an evaluation of the size 
and nature of the low-grade tin reserves. A large 
hemispheric source of tin exists there, but its availa- 
bility for free world use depends upon solution of 
problems involved in its recovery. 


Colombia 

The coal-mining industry of Colombia is growing 
rapidly as a result of cooperation with the Bureau 
of Mines. The Commission for Industrial Develop- 
ment is the cooperating agency that works with two 
Bureau engineers currently in Colombia. Coopera- 
tive studies include coal-washing technology, in- 
vestigation of the type of large-scale installation 
best-suited to the treatment of Colombian coals, and 
coal-mining methods. Colombia is remedying its 
inability to produce a regular and adequate supply 
of coal to meet the needs of transportation and 
industry. The steel industry is expanding and it is 
also expected that coal will soon be exported. 


Bureau of Mines Field 
Private consultants operate in the same areas 
where the Bureau of Mines cooperates with Govern- 
ment agencies. There is no overlap in the sense of 
invasion of the private consulting field by Bureau 


A Point IV technical advisor is currently in Nepal, and 

results of his investigations and recommendations will replece 
tools of these Nepalese miners with modern equipment. They 
working with pick, hammer, chisel and besket. 


engineers. Most of the work done under the technical 
assistance program requires Government financing 
or at least preliminary investigation and study at 
Government expense before private capital will 
enter the field. Close liaison is maintained with 
mining-company officials and private consultants. 
Better understanding between the interests of capital 
and the Foreign Government agencies has frequently 
been accomplished through the medium of the 
Bureau, and every effort to stimulate free enter- 
prise and capital investment is made. 

Because facilities for testing and research are 
generally better in the United States many samples 
are submitted to Bureau laboratories in this country 
for microscopic, chemical, or other examination. 
Steps are being taken to promote installation of 
laboratories suited to the needs of each country and 
relieve the Bureau of this work load. 


Training Program 

Perhaps the most important phase of the Point 
Four program of the Bureau is that of training 
foreign nationals. In some countries there are well- 
trained, competent engineers and technicians. Many 
of them need advanced study and observation and 
training along specialized lines. 

Two types of training are given to those who 
come to the United States. These are (1) programs 
for young, technically trained men and women with 
limited experience and (2) “Leader” programs for 
mature engineers and technicians who have good 
technical background and long experience, and who 
can profit by visits of observation to mines, mills, 
smelters and industrial plants in the United States. 

All trainees, of whatever type, are screened to 
insure that their presence here is not a security 
risk and that they are technically and personally 
qualified. 

Leaders usually come here with definite ideas as 
to the type of plant they wish to see. Very few 
“Leader” grants are provided. They are given only 
to outstanding, well-qualified persons. A short period 
of orientation by the State Department provides an 
interval for consultation with the technical agency, 
and allows time to work out the beginning of a 
carefully planned itinerary. Industry has given its 
wholehearted support in granting permission for the 
leaders sponsored by the Bureau of Mines to visit 
unrestricted plants and laboratories. 

Young, technically trained foreign nationals spend 
four months to a year in the U. S., on in-service 
training grants. They are graduates of technical 
schools and have some experience in industry. On 
arrival they are given two to four weeks intensive 
orientation in English, American history and govern- 
ment, geography, and general studies. 

Afte- orientation, each trainee is sent to a Bureau 
of Mines laboratory or experiment station and placed 
under the direction of a supervisor. The trainee 
participates in the unclassified work of the station, 
complies with the hours of work of the Bureau, and 
takes part in such activities as are suggested by his 
supervisor. Twenty-odd trainees are currently work- 
ing in Sureau of Mines laboratories, including two 
young women technicians. These young people will 
be dealing with Americans through the years to 
come in connection with mineral-resource develop- 
ments in their own countries. The feeling of friend- 
ship and good-will that they carry with them will 
contribute to better understanding in future rela- 
tions with the United States. 
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The Broadening Road 


to Foreign Investment 


by Howland Bancroft 


MERICAN investment in foreign mining in- 

terests today faces its greatest task. U. S. dol- 
lars must make possible the steady procurement of 
the minerals our defense effort consumes in huge 
quantities. The two most vital factors involved in 
foreign procurement are time and the continued 
good will of the nations from which minerals are 
purchased. The Point IV program was formulated to 
care for the second item, but it has failed to do the 
job. Its lack of success has not been from intent or 
from basic failure in formula. 


Foreign Investment, Four Eras 

Foreign mineral development, in so far as par- 
ticipation by private capital from the United States 
is concerned, may be divided into four main chrono- 
logical categories: 

First: The period prior to the first World War 
when people, capital and products moved with rela- 
tive freedom across international boundaries, and 
London was the recognized mining seat of the world. 
By the end of 1919 the United States direct invest- 
ments abroad amounted to $3.9 billion of which 
some $900 million were in mining and smelting and 
$600 million in petroleum. Investment climate 
throughout most of the world was excellent. 

Second: The period between the end of World 
War I, when the international economy had been 
shaken from its foundations, and the beginning of 
the great depression of the 1930's, which still fur- 
ther disrupted the world economy. By that time the 
world mining center had moved across the sea and 
the United States direct investments abroad had in- 
creased to $7.7 billion of which mining and smelting 
accounted for $1.2 billion and petroleum for $1.1 
billion. Investment climate was good in most parts 
of the world. 

Third: The period of the depression of the 1930's 
and the beginning of World War II during which 
foreign trade was still further disorganized and the 
international economy collapsed. Nazi barter agree- 
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ments were initiated in many parts of the world, 
and Soviet propaganda commenced to make its in- 
fluence felt in many countries. During this period 
United States direct investments abroad decreased 
to $7.3 billion. Mining and smelting investments 
during the same period decreased some $200 million, 
though direct investments in foreign petroleum areas 
increased an equal amount. Investment climate be- 
came less and less hospitable in all parts of the world 
affected by economic nationalism. 

Fourth: The period since the beginning of World 
War II during which total direct investments abroad 
increased from $7.3 to $13.7 billion. Of this sum, at 
the beginning of 1950 investment in foreign mining 
and smelting is reported to have been $1.2 billion— 
back to where it was in 1929, and in petroleum to 
have reached $3.7 billion. Investment climate re- 
mained favorable in the countries respecting con- 
tractual obligations and fair in their treatment of 
invested capital. 


Recapitulation—Direct Foreign Investments 
(in billions of dollars) 


Mining 

and 
Smelting Petroleum 
6 (to and including 1919) 
1929) 
3 
7 


cluding 1951 
estimated 44+ 


As noted above, the relative freedom of passage 
across international boundaries by people, capital 
and products ended with World War I and the 
situation remains unchanged in a greater part of 
the world. While this same war upset international 
economy, the depression of the 1930's caused the 
collapse of world trade, and exports from all coun- 
tries fell to an alarmingly low figure. Some coun- 
tries almost ceased to export. Chile, for example, 
reported a drop of 88 pct in exports. Countries with 
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Period Total 
First 3.9 
Second 77 
Third 7.3 
a Fourth 12.5 
ae To and in- 
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The United States, with 6 pct of the population 
and 6.3 pct of the land area, produces half of the 
total industrial output and a third of the mineral 
output of the world. Although a “have” nation, 
the U. S. must import major quantities of ten basic 
minerals. To insure a continued flow of these min- 
erals which comprise 25 to 100 pct of the national 
requirements, American capital must go abroad. 


but one or two exportable raw materials or prod- 
ucts suffer unbelievably from such economic up- 
heavals. With a nearly complete falling off in de- 
mand for their exportable raw materials and slack- 
ening in foreign investments such areas are ripe for 
the spread of the Communist doctrine. One result 
of this collapse of the international economy was 
the attempt on the part of the governments of many 
nations to pass the burden of the depression along 
to other states. They tried to stage their own re- 
covery at the expense of other nations by restricting 
imports, devaluing currency, invoking exchange 
controls, dumping surpluses and trying in any num- 
ber of other ways to lift themselves by their boot- 
straps, economically. Economic nationalism domi- 
nated the world. With decreasing production and 
increasing population, the lot of the average laborer 
became steadily worse. 


Ten Basic Materials Imported 

An endeavor has been made to keep from becom- 
ing statistical. Yet, there are some figures which 
should be borne constantly in mind in determining 
the need to continue . velopment of foreign 
mineral resources. With * pct of the population of 
the world and about 6.3 pct of its land area, the 
United States produces roughly half of the industrial 
output of the entire world, and mines about one 
third of the world’s mineral output. Yet, its heavy 
industry depends on imports for a large part of ten 
basic materials; natural rubber 100 pct, tin 100 pct, 
nickel 99 pct, chrome 83 pct, manganese 77 pct, 
bauxite 70 pct, tungsten 50 to 67 pct, zine 37 pet, 
lead 33 pct, copper 25 pct. 

Notwithstanding the fact that there are grave and 
serious obstacles to direct foreign investments by 
private capital—some 21 listed in a report prepared 
by the National Industrial Conference Board, Inc.— 
direct foreign investment has increased in the past 
12 years according to figures and estimates supplied 
by the Bureau of Foreign and Domestic Commerce 
of the United States. Of this $6.4 billion increase, the 
petroleum industry accounts for $3.5 billion, while 
the mining and smelting industry accounts for but 
$300 to $350 million. Manufacturing, distribution 


and miscellaneous 
balance. 

Of the total direct investments of the United 
States mining and smelting industry abroad, but 
little is invested in the production of such basic ma- 
terials as manganese, chrome, nickel and tin, for 
which United States industry is almost wholly de- 
pendent on foreign sources. Nor does it include any 
substantial proportion invested in the production of 
the so-called strategic and critical materials the 
U. S. Government is supposed to be stockpiling and 
which are not domestically available. 

Where do the materials in short supply come 
from? In the main, some 75 pct more or less, come 
from underdeveloped countries, where living condi- 
tions for the vast majority of the people—the labor 
force—are so bad as to be fruitful grounds for the 
spread of the Communist doctrine. People with 
empty stomachs are the most easily influenced by 
Soviet propaganda. It would appear that a properly 
administered and implemented Point IV Program 
might be of inestimable value in checking and pos- 
sibly halting the spread of Communism and thus 
afford United States industry a continuing oppor- 
tunity to obtain raw materials which are absolutely 
necessary to keep it going. While there is much con- 
jecture about the value of the Point IV Program as 
presently administered, there can be no conjecture 
about the origin of the imports required to keep in- 
dustry alive and to supply strategic and critical 


investments account for the 


_material requirements. 


The Point IV Program has been stigmatized by 
referring to it in terms of the “Give-away” or 
“Hand-out” program and by many other rather un- 
complimentary phrases not intended to enhance its 
acceptability to the American tax payer. However, 
the possibilities of a properly functioning Point IV 
Program warrant serious consideration. If the pro- 
gram is found unworkable it would seem impera- 
tive that a better plan be suggested to take its place 
if U. S. industry is to continue to obtain raw ma- 
terials. 

An adequate labor supply requires recruiting. 
Proper health conditions for iabor means building 
labor camps or compounds where sanitary conditions 
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may be supervised. Labor communities from a few 
thousand to several hundred thousand are gradually 
built up. The United States Government could help 
by doing on a big scale, insofar as labor and facilities 
are concerned, what operators have been compelled 
to do in a small way 

In the past, as now, materials are acquired where 
the most can be obtained for the least. Price varia- 
tions and the law of supply and demand continue to 
function where governments permit them to do so. 
The demand appears to be firmly established, but 
the area of supply is most definitely shrinking and 
is continually menaced by encroachment of Com- 
munist control. China is the latest of a long series 
of economic losses to the West. Ohers on the list 
have fallen in a manner so similar that one is led 
to wonder where and when the hammer will strike 
next, and how much the sickle will next cleave from 
our remaining area of supply for critical materials. 

The huge royalties paid by private companies to 
foreign governments and officials do not guarantee 
the security of the venture. These vast sums, in a 
number of instances representing hundreds of mil- 
lions of dollars and at least 50 pct of the profits of 
the operation, do little to aid the people of the 
country. Hence, the Communists and the political 
outs have a ready made slogan. “The resources 
belong to us—down with foreign exploitation of our 
resources”. The slogan is even promoted by the 
very recipients of these vast payments when the 
need arises to divert popular wrath from themselves. 

The future of United States investment abroad is 
fraught with all the risks of the past and the new 
ones arising from economic nationalism. However, 
the greatest risk of all is not to direct investment, 
but to the U. S. itself if Communism should continue 
to march. Our safety lies in keeping the world free 
by helping the common people obtain enough to 
eat, promoting sufficient education so they may know 
something other than conditions of serfdom, and 
helping provide decent standards of living according 
to the ideas of the country in which they live. It’s 
building from the bottom up—a long term project. 


A Modern Approach 

How is this to be accomplished? It is going to re- 
quire a more modern approach than most would 
have considered necessary or desirable up to World 
War II. It seems inevitable now, that to hold these 
areas of the free world, the self-interest of the 
peoples involved must be of primary consideration, 
or there will be no dividends at home. 

In considering methods of approach to the prob- 
lem of assuring our prosperity by promoting world 
prosperity, Paul Hoffman, in a recent article en- 
titled “World Investment—-Not—Foreign Aid,” puts 
the value of the foreign economic program on a 
mathematical basis. Hoffman says there is general 
agreement between economists that the budget 
should not exceed $40 billion for a sound peace-time 
economy. He recognizes that until world conditions 
improve, until the threat of Communist aggression 
is removed, the U. S. cannot think in terms of this 
sound budget. However, in Hoffman's opinion, to 
achieve the conditions which will permit reducing 
the budget from $85 billion to $40 billion, the U. S. 
Government must spend $2.5 billion annually in 
foreign aid. He believes by spending 1 pct of our 
annual income on “world investment”, we shall be 
eventually able to set our sights on savings of $40 
billion annually. The idea is worth considering. Its 
focal point is the implementation of Point IV. 
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About one-half the population of the world lives 
in so-called underdeveloped countries presently out- 
side of the international Communist area. Their 
annual per capita income ranges from $30 to $152— 
the average under $80 per annum—compared with 
$1453 per capita in the U. S. Thus, it would appear 
that over a third of the world population does not 
produce enough to provide an annual income equal 
to 6 pct of the $1453 enjoyed by the people of the 
United States. Furthermore, in the underdeveloped 
parts of the world, the population is rising more 
rapidly than production. This is ideal soil for the 
germination of Soviet ideas. In passing, it is to be 
noted that some 750 million people, or about one 
third of the population of the entire world, now live 
under Soviet control. 

Consideration of the program which may make a 
modern approach to foreign mineral development 
possible involves implementation of Point IV, and 
its administration in such a manner as to accomplish 
its objective. In very simple terms it means assur- 
ing U. S. prosperity, if not salvation, by promoting 
world prosperity. This subject has been investigated 
and described by the International Development 
Advisory Board, under the Chairmanship of Nelson 
A. Rockefeller, in its report—Partners in Progress. 
It is an earnest plea for the “effective cooperation 
of all free peoples” and endeavors to show that 
“joining defense and economic and social develop- 
ment is a fundamental requirement for mankind’s 
progress toward peace, freedom, and well being”. 
The comprehensive manner in which the problem 
has been investigated and the clear and illustrative 
way in which data is presented make the report an 
outstanding contribution. Anyone interested in 
foreign investments should make the study of this 
report an imperative. Briefly, the report recom- 
mends “national development plans which would 
strive for simultaneous progress in each of three 
fields of economic endeavor:” 


®& The production and distribution of goods,— 
primarily a function of private enterprise. 

®& Public works,—transportation, roads, irriga- 
tion etc. primarily a responsibility of the govern- 
ments. 

® Basic social services,—health, education, citi- 
zenship etc. primarily the responsibility of govern- 
ments. 

To expand the outflow of private foreign invest- 
ment the Board recommends: 

® A tax incentive. 

® Bilateral tax and commercial treaties. 

® Underwriting the transfer risk on foreign dol- 
lar obligations. 

& A new affiliate of the International Bank to 
serve private enterprise. 

® An assistant administrator in the Overseas 
Economic Administration charged with no other 
duties than to encourage the maximum and most 
effective use of private enterprise. 


With the Point IV Program implemented as sug- 
gested above, and its effective functioning a recog- 
nized part of the foreign policy of the United States, 
private capital may eventually feel secure in greatly 
expanding its foreign mining and smelting invest- 
ments. Meanwhile, it would appear that such ex- 
pansion as takes place will be confined to countries 
respecting contractual obligations and who are fair 
in treatment of invested capital, whether these coun- 
tries be without or within underdeveloped areas. 
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1—Export and import quotas. 
3—Control of capital movements. 
4—Burden of social security legislation. 
5—Lack of trained native personnel. 
7—Multiple exchange rates. 


9—Inadequate power facilities. 


Obstacles To U. S. Foreign Investments 
The National Industrial Conference Lists them: 


2—Limitations on remittance of profits and of other income and expenses payable in dollars. 


6—Lack of adequate roads, railroads, and harbors. 
8—Inadequacy of housing, recreational and shopping facilities for employees. 
10—Restriction on imports of personnel from the United States. 


Foreign 


Minerals 
and 
American 
Capital 


by H. Dewitt Smith 


HE disastrous effect of two major wars on for- 
eign economic health is giving American capital 
opportunities which might have not otherwise de- 
veloped. At a time when discovery of major ore- 
bodies in the United States awaits fuller application 
of new geophysical tools and technical methods, 
U. S. investors must seek other fields where invest- 
ment may be put to work. The unsettling effects of 
war have made it almost impossible for foreign 
nationals to develop mineral wealth, permitting 
Americans to enter at a time when U. S. mining, 
with a few exceptions, is in the process of expanding 
known orebodies and developing only a few new 
ones. 
Available capital, however, is not the only pre- 


MR. SMITH is vice-president of the Newmont Mining Corp. He 
is on AIME member. 


requisite for entering the foreign mineral develop- 
ment field. The capital must be able to work in 
favorable economic atmosphere, a condition not 
easily satisfied in a world constantly in a state of 
political and social flux. In many countries, the 
political theory changes as often as the wind direc- 
tion in March. Thus, the political stability of the 
form of government is of prime importance to the 
investor. In addition, a balanced budget and a mod- 
erate tax structure are important. Because in mak- 
ing foreign investment it is inevitable that one will 
have dealings with government officials, it is basic 
that they must be of high integrity. In countries 
filling the requirements, it will usually be found 
that the economic initiative of the individual is re- 
Newmont Mining Corp.’s three major investments 
in the last 15 years have been in Canada and the 
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Union of South Africa. Meanwhile the corporation 
has continued exploration in other parts of the 
world, on the premise that possibility of greater 
profit may offset the hazards of a less politically 
favorable situation. Many countries which fill the 
requirements now, may develop a tax structure 
which will act as a block to development of any but 
the most promising prospects. 

Foreign investment brings with it the responsi- 
bility for American capital to behave as a good citi- 
zen of the country in which it operates. The welfare 
of the country, community and employees must be a 
primary consideration. It involves the sane solution 
of rate of production without over-consideration of 
present value tables. Re-invested profits, bringing 
expanded ore reserves, modern equipment, and 
labor-saving devices may return greater value over 
the long run than immediate dividend checks. Care- 
ful consideration must be given to installation of 
smelting and refining plants, and even fabrication 
units within the country. The company operating 
in the foreign field today, will often have to provide 
housing, railroads, and highways in remote areas. 
Construction of public utilities may be among the 
facilities the company has to provide. 

Taxation, under the modern system, often means 
a company automatically takes a partner—the nation 
in which the investment is made. Often, U. S. organi- 
zations must accept a minority position in the enter- 
prise. The trick is to make certain that the partner 
is a good one. Newmont has a 32 pct interest in 
cperations conducted by Societé Nord Africaine du 
Plomb, in Algeria. It has been a proven advantage 
to Newmont to have French partners carrying out 
relations with the Algerian and French governments. 
Several of the obstacles apply only to small com- 
panies who are unable to supply their own facilities. 
Others will hamper groups which neither produce 
strategic metals or generate foreign exchange for 
the country in which they operate. 

Yet, the United States itself presents the major 
handicap. The U. S. allows no tax credit on foreign 
dividends, which have already been bitten into by 
the country in which they were earned, unless more 
than 50 pet of the voting stock of the foreign corp- 
oration is owned by the taxpayer. An amendment 
to the internal revenue code allowing partial credit 
on foreign income taxes to those holding 10 pct or 
more of the voting stock of a foreign corp., is a step 
in the right direction. 
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In the case of the Sherritt-Gordon Mines, Ltd., in 
which Newmont is committed to an $8.2 million in- 
vestment, the principles of a good mine, under ex- 
cellent management, in a favorable atmosphere are 
followed almost to the point of reaching the ideal. 
The good will of the government is best portrayed 
by its willingness to build 147 miles of railroad from 
Sherridon to Lynn Lake without guarantees. 


O’okiep Copper Co., Ltd. 

South African Copper Co., controlled by the same 
American interests as O’okiep Copper Co., purchased 
the bankrupt Cape Copper Co., Ltd. interest in the 
Namaqualand mine for about $2.66 million, paid be- 
tween 1925 and 1937. The sum also included the 
cost of exploration and development of low-grade 
orebodies. O’okiep, in turn, purchased the assets in 
1937, spending $6.05 million, including expenditures 
for bringing mine, mill, and smelter into 13,000 
ton annual production rate by 1940. About $12.53 
million has been spent on the property to the middle 
of 1951, raising production to 25,000 tons of blister 
copper annually. 

The Union of South Africa Parliament, recogniz- 
ing the advantages of this development to poverty- 
ridden Namaqualand, passed an act in 1937 relieving 
O’okiep from payment of income taxes until its 
entire capital expenditure had been recovered from 
working profits. The procedure has been adopted 
for all new gold mines. 

The Union made provision for dollar exchange to 
repay approximately $3.12 million in O’okiep prom- 
issory notes to American holders during World War 
II. An exemption was also made from excess profits 
taxes during the war, based on because the company 
had not yet recovered its capital expenditures. Dol- 
lars were always available for equipment purchases 
and payment of dividends to U. S. and Canadian 
stockholders. A $1 million dollar 125-mile road was 
constructed by the Government from the railroad 
terminus at Bitterfontein to the mines. Government 
officials were always accessible for handling of ex- 
port and import permits, exchange, and water and 
transportation problems. 

Metals Reserve Co. advanced $1.4 million in 1943, 
repayable in copper, for the only U. S. aid given to 


the operation. 
Tsumeb Corp., Ltd. 
The Otavi Minen und Eisenbahn Gesellschaft in 
South West Africa was purchased from the Custo- 


Caretul planning, combined 
with proper execution hes 
made foreign investments 
worthwhile to Newmont and 
the nation involved. The 
Nababeep smelter and mill 
of the O’okiep Copper Co., 
Ltd. is the product of co- 
operation and consideration 
of all concerned. 
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dian of Enemy Property in 1947 by Tsumeb Corp., 
for $4.04 million. Newmont owns directly 28.5 pct 
of the company and another 5.35 pct through 
O’okiep, owners of 9.5 pct. Tsumeb spent $7.73 
million in developing the plant to a capacity of 50,- 
000 tons of lead, copper, zinc, with substantial 
amounts of cadmium and silver. An additional $5.25 
million will be spent by June, 1953 to raise produc- 
tion to 85,000 tons. 

In 1948, the South West Africa Legislative Assem- 
bly granted freedom from taxes to all mines until 
capital expenditures had been recovered from 
operating profits. Tsumeb was allowed to write off 
its previous capital expenditures, similar to the 
grants in accelerated amortization offered new stra- 
tegic metal properties in the U. S. Tsumeb is now 
the second city in South West Africa, boasting an 
excellent school system, a hospital and recreational 
activities. 

Neither Tsumeb nor O’okiep met with any serious 
political obstacle as outlined by the National In- 
dustrial Conference Board. Tsumeb is installing 
rapid mechanical loading facilities at Walvis Bay. 
It has also purchased fifty 20-ton cars for Govern- 
ment railway use. The mine has joined the Govern- 
ment in a housing project for area residents who 
are not employed by the mine and has agreed to 
lend the lccal Divisional Council £55,000 at 1 pct 
for road construction. 


The Zellidja operation at Bou Beker surrounds the village and mosque of the employees who operate the installation. In the back - 
ground can be seen the tailing pond. The machine shop is in the foreground. 


Societe Nord-Africaine du Plomb 

Societé Nord-Africaine du Plomb is an excellent 
example of how American and French capital can 
work together. Newmont and St. Joseph Lead Co. 
technicians have aided the project. Help has also 
been extended by the Economic Cooperation Admin- 
istration in the French Morocco and Algeria project. 
The company was formed in 1946 to prospect a large 
area contiguous to the mines of Societé des Mines 
de Zellidja. Zellidja owns 51 pct of the stock of 
N.A.P., while Newmont and St. Joseph hold the 
balance. 

ECA loaned $500,000 at 4 pct against future pro- 
duction and is committed to another $1 million for 
mine and mill equipment. The owners spent $500,- 
000 and will spend at least an additional $1 million 
to bring production to 1000 tons of ore a day. 

Zellidja is a Moroccan company in which New- 
mont and St. Joseph Lead hold 2.65 pct and 1.43 pct 
interests, respectively. A $3.6 million dollar ECA 
loan was obtained through Newmont in Paris for 
expansion of mill output from 13,595 tons of lead 
concentrates in 1948, to 85,000 tons of lead concen- 
trate and 120,000 tons of zinc concentrate in 1954. 
The loan is being repaid in lead and zinc. Ore re- 
serves in 1948 indicated that ECA ran no risk. 

Again Newmont and St. Joe aided in the develop- 
ment. Mine and mill costs compare well with any 
in the Western Hemisphere. As of January 1, 1952, 
the program was running ahead of schedule. 
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Newfoundland 


Explores its Mineral Wealth 


by George G. Thomas 


N April 1949, Newfoundland became the tenth 

province of Canada. It had been a Dominion of 
the British Commonwealth, though actual Dominion 
status had been suspended for some fifteen years. 
During that fifteen-year period the Government had 
been by commission. 

Throughout the regime of the Commission Gov- 
ernment, a limited program of investigation of the 
mineral resources of the country was in progress. It 
was during this period that the investigation of the 
iron resources of Labrador by the predecessors of 
the Iron Ore Company of Canada began. 

Since Confederation there has been a marked 
change in the attitude of mining capital to the new 
province and a notable acceleration in the tempo of 
prospecting and exploration. 

There is no private Newfoundland capital avail- 
able for mineral exploration. In the past, as now, 
capital must be attracted to the province. Prior to 
Confederation, Canadian capital had to cross the 
barriers of customs and immigration. American 
capital hazily regarded Newfoundland as part of 
Canada, with one notable exception, the American 
Smelting and Refining Company at Buchans. 


Buchans 
The most significant mining development in New- 
foundland today is the property of the Buchans 
Mining Co. Ltd., a subsidiary of the American Smelt- 
ing and Refining Co., located at the town of Buchans. 
Their milling operation produces lead, zinc, and 
copper concentrates by selective flotation, and also 
MR. THOMAS is a consulting engineer in St. John’s, Newfoundland. 
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produces a small amount of gravity concentrate. 
Presently the mill treats about 320,000 tons of ore 
per year. Production started in 1928 at 500 tons per 
day and has been raised over the years to the present 
figure of 1200 tons per day. 

Conventional prospecting methods uncovered the 
original deposit. It was first examined as a possible 
source of sulphur from pyrite. Geophysical pros- 
pecting and diamond drilling resulted in discovery 
of enough additional ore to warrant a large scale 
operation. 

Mining is by open cut methods. In addition con- 
ventional underground cut and fill stoping and 
square set stoping methods are employed. Between 
850 and 900 men are employed at Buchans. Concen- 
trates are shipped by rail to Botwood and leave the 
country through the port. 

Buchans Mining is currently investigating a 
Crown concession covering an area of approximately 
6250 square miles, adjacent to the area of present 
operations. Aerial photographs have been made of 
the area, and geologic parties, supplied by plane, 
are in the field during the summer months. The 
concession lies south of the Falconbridge concession. 

The geology of the Buchans area can be divided 
into three groups. The first category is the oldest 
and called the Buchans Series. It consists of vol- 
canic lavas, breecias and tuffs and underlies most 
of the Red Indian Lake Basin. The second is a group 
of igneous rocks such as granite and quartz porphyry 
intrusive in the volcanics. It makes for rough coun- 
try north and west of Buchans. The third group con- 
sists of sills and dykes penetrating the lavas near 
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the mines. The ore minerals were introduced after 
the intrusion of the igneous rocks, and they occur 
chiefly as large sulphide replacements in the tuffs. 


Falconbridge Concession 

One of the first considerations of the Provincial 
Government after its election was the moribund 
state of the mineral industry. Complicating matters, 
the personnel and unpublished information of the 
existing Geological Survey has been transferred to 
Ottawa and incorporated in the Geological Survey 
of Canada. Steps were taken immediately to en- 
large the remaining facilities provided to explora- 
tion interests by increasing the number of Govern- 
ment-owned diamond drills. Negotiations began 
with Falconbridge Nickel Mines, Ltd. They were 
the first group prepared to make definite commit- 
ments as to policies and explorations concerning an 
area some 2500 square miles in northern New- 
foundland. As a result of their first season's pros- 
pecting on the Concession, now held from the Pro- 
vincial Government, in an area approximately four 
thousand ft by two thousand ft, Falconbridge dis- 
covered five separate occurrences; two of copper- 
zinc, one of lead-zinc and two of copper-gold. Dia- 
mond drilling is currently going on. 


Airborne Magnetometer and Geological Surveys 


In 1950 an airborne magnetometer survey was 
made on an area of 5000 sq miles, complemented by 
a compilation and interpretation of the bedrock ge- 
ology. Limited investigations of some of the results 
obtained in the 1950 survey were undertaken. In 
addition, reconnaissance geological mapping of an 
area 6000 square miles was completed utilizing the 
latest methods and techniques of aerial photography 
and transportation. As a winter field program, the 
Provincial Government is now making a ground in- 
vestigation survey of an area of basic and ultrabasic 
rocks in Central Newfoundland. This particular basic 
intrusive was discovered in 1951 during the course 
of the reconnaissance geological mapping program 
referred to above. Preliminary traverses indicated 
the presence of cross fibre asbestos. The present 
project may secure information which will result in 
an intensive exploration program in 1952. Late in 
1951 additional airborne magnetometer surveys were 
undertaken on two areas in the western part of the 
island covering some 500 square miles. Additional in- 
formation was sought on potential asbestos, chromite 
and magnetite bearing areas. 


Fluorspar, Asbestos, Petroleum 


Newfoundland is a substantial producer of 
fluorspar and one of the most important U. S. 
sources of supply. Demand is increasing tremen- 
dously and to meet it the Provincial Government 
loaned substantial sums to one of the operating 
companies primarily to ensure continuity of supply 
to the U. S. 

Similar advances have been made in the develop- 
ment of an asbestos industry. 

A year ago the Provincial Government concluded 
a petroleum exploration agreement with a Boston 
financial group. A drilling rig has already moved in 
on one of the more favorable areas. The agreement 
has two years to run, at the end of which time the 
firm may select limited areas for development. The 
Government retains half of any potential field for 
subsequent development or disposal. 


Cement Mill and Gypsum Wall-Boord Plant 

The Provincial Government has undertaken the 
development of a cement mill and a gypsum wall- 
board and plaster lath plant. Previously, an annual 
consumption of some 200,000 tons of cement was 
supplied by production from Quebec, Ontario, and 
imports from Europe. The mill's annual capacity of 
100,000 tons will help meet the chronic shortage. 

The gypsum wall-board plant, now about to be 
brought into production, will have a 250,000 square 
ft capacity per day. 


The Crown Corporation 

It is perhaps in the formation of the Newfound- 
land and Labrador Corporation Ltd. or the Crown 
Corporation as it is popularly called, that the Pro- 
vincial Government has taken its most unusual 
action. Under present Dominion, or Federal, income 
tax laws a province may incorporate and operate a 
“Crown Corporation” provided not less than 90 pct 
of the outstanding stock is held by the Provincial 
Government. The 10 pct of the outstanding stock 
of the Newfoundland Labrador Corp. is held by two 
investment houses. Both are among the largest and 
most influential in the U. S. and Canada. 

The Corporation has been in existence for only a 
few months and there has been insufficient time to 
plan a detailed investigation policy for mineral re- 
sources of the areas reserved to it. The Corporation 
is interesting certain U.S. and Canadian Mining 
Companies in a long term investigation and explora- 
tion of sections of the areas. Also, it is planning its 
own long term exploration policy on other sections. 


Labrador 

The story of the Iron Ore Company of Canada and 
its tremendous iron ore reserves in Labrador and 
New Quebec is a familiar one. The geology of the 
Labrador trough, where the iron ores occur, is re- 
markably similar, stratigraphically, to some of the 
Michigan ranges (e.g. the Marquette). In 1951 Fro- 
bisher Ltd., working on a Concession area granted 
by the Newfoundland Government, discovered native 
copper along a zone at least 16 miles in length. The 
discoveries were made so late in the season little 
could be done beyond noting their occurrence, and 
taking out samples up to 60 lb in weight. 1952 will 
see an extensive exploration program in this area. 


Wabana 


The Wabana iron ore deposits are one of the most 
important mining operations in Newfoundland. Since 
mining started, more than 40 million tons of ore 
have been extracted from the property, located on 
Bell Island in Conception Bay. The workable beds 
are on the northwest side of the island and mining 
has been extended into submarine operations under 
Conception Bay. 

The island is of Ordovician sandstone and shale 
overlaying Cambrian formations. The beds dip north- 
west and continue under the floor of Conception Bay. 
Submarine operation under the bay has been carried 
forward for more than 2% miles. Reserves have 
been estimated from 2500 million to 10,000 million 
tons. In reality, any estimate must take into account 
the limitations imposed by submarine mining. 

Efforts of the Provincial Government have been 
the primary reason ‘or the beginning made in de- 
veloping Newfoundland’s mineral wealth. It may 
be expected that results will prove the expenditure 
of time, effort, and mohey, has been worthwhile. 
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Liberia— 


The Bomi Hills Development 


Mining operations at the Bomi Hills open pit, with the 600 ft 
cliff towering over the operation. Diamond drilling is in 
progress, but no immediate plans have been made for going 
underground. (Photo by Griss Davis, for Black Stor) 


IBERIAN ore has been called the richest iron 
ore mined in the world, and thus far, the output 
from the Liberian Mining Co.'s Bomi Hills mine 
has lived up to its reputation. Iron content has 
been variously given as 68.47 pct to 68.825 pct. A re- 
cent United Nations survey gave it first place, sur- 
planting the previously top-rated Swedish product. 
The first shipment of Liberian ore to the United States 
reached Baltimore in June, 1952 and went into blast 
furnaces at Republic Steel's Cleveland plant, where 
excellent results were reported 
The physical make-up of the ore was hard, dense 
lumps, free of fines and with ideal size distribution. 
The Bomi hills mines were scheduled to be in full 
operation by the end of 1952. At the close of 1951, 
200,000 tons of ore had been delivered to Baltimore. 
Liberian Mining Co. states that production is about 
90,000 tons of ore per month at present. Between 
1200 and 1500 men are employed at the mine site, 
with about 25 pct of them Americans. 
The Bomi Hill project was financed with the aid 
of the Export Import bank, which loaned Liberia 
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Mining part of the sum needed to initiate and put 
the development into production. No definite expan- 
sion plans are in the making but extensive diamond 
drilling is being pursued. Original estimates of an- 
nual production for Bomi Hills ran in the neighbor- 
hood of 1.5 million tons, but the figure is no longer 
applicable. 

Liberia’s potential as an iron producing country 
has been known for a long time, but the physical 
obstacles in the way of large scale production were 
such as to prohibit even contemplation of the project. 
Until recent years, the only route from the mine site 
to Monrovia was a foot trail. Once to the coast, over 
swamps and unbridged rivers, the ore was still use- 
less because of the lack of loading facilities. 


Transportation Solved 

One problem was solved with the completion of 
the artificial harbor at Monrovia. Harbor construc- 
tion was well under way when the mine project be- 
gan in 1948. The island location of Monrovia also 
made the building of a bridge across the St. Paul 
River necessary. The 980 ft reinforced concrete 
structure, accommodating railroad and vehicular 
traffic, was opened in 1949. 

Meanwhile, preliminary work on railroad con- 
struction started. Grading was completed quickly. 
In April, 1951, the first train made the trip from 
Monrovia to the Bomi Hills. About half of the cost 
of the entire project went into railroad construction. 
More than 2200 men, often forced to resort to primi- 
tive methods, were engaged in clearing a path 
through the heavy forests between the mine and 
port. Swamps were drained and filled, and bridges, 
including the William V. S. Tubman, named for the 
Liberian President, were constructed. 

At the port, a Robbins Conveyor Belt Co., ore- 
handling plant was installed. Ships can be loaded 
from the stockpile at the rate of 3000 tons per hr 
and vessels need spend only one day in port. 

Liberian Mining is operating under an 80 year 
lease, giving the company exclusive mining rights 
to all minerals, except gold, platinum, and diamonds, 
within a 40 mile radius of Bomi Hills. The contract 
provides a fixed royalty to the Liberian Govern- 
ment of five cents per ton of ore extracted, and a 
premium based on the New York market price for 
Bessemer-grade pig iron. 

The entire project started because an American, 
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Landsdell K. Christie, served with the U. S. Army 
in Liberia during World War II and saw the tre- 
mendous possibilities dormant in Bomi Hills. He 
worked out the agreement with President Tubman 
and formed Liberia Mining Co., Ltd. 

According to R. Earle Anderson, in his book 
Liberia, America’s African Friend, published by the 
University of North Carolina Press this year, the 
mine project alone has cost $4 million. 


Geology and Mining 
The iron ore deposits of the Bomi Hills are highly 
metamorphosed. The actual ore mined consists of 
magnetite and hematite associated with itabirite, a 
low grade iron formation (ferrougenous sands). 
Structural geology of the deposit is simple. It is 
made up of a thick layer of itabirite above a layer 


of clay. The massive high grade ore is beneath the 
clay. 

The high grade ore lenses are in a bow! forma- 
tion. The bow! is filled with itabirite. The ore is 
exposed as a cliff jutting some 600 ft into the air. 
A tunnel blasted into the ore face cuts through one 
of the sides of the bow! for nearly 500 ft, coming 
out on the inner slope of the bowl. The adit reveals 
a cross section through the ore, clay, and itabirite. 

At this time, Bomi Hills is an open-pit operation, 
with underground mining contemplated some time 
in the future. Iron ore deposits have been discovered 
in other parts of the country. Thus far, exploration 
has indicated that the ore quality of the new dis- 
coveries is not as high as Bomi Hills. 

Republic Steel Co. is taking most of the produc- 
tion from the mine, with anything Republic does not 
purchase over the contracted amount available to 
the open market. 


Lead Mining Outlook in North Africa 


by Rene J. Mechin 


NE of the bright spots in the mining world since 

the war has been North Africa, particularly 

the eastern section of Morocco. The Societe des Mines 
de Zellidja at Bou Beker, which prior to the war 
was just coming into production, has, in the past two 
years, greatly expanded its operations. Starting in 
1946 with assistance from the Newmont Mining Corp. 
and the St. Joseph Lead Co., Zellidja has expanded 
its mining and milling operations from 8000 tons 
to a present rate of approximately 100,000 tons 
per month. Current production from this property 
is now about 3250 metric tons of pig lead and 1600 
tons of zinc per month. Zellidja’s neighbor, the 
Touisset mine of the Royale Asturienne, which in 
1945 was treating less than 400 tons per day, has 
increased its milling facilities to something over 
1000 tons per day. Zellidja's other neighbor, Societe 
Nord Africaine de Plomb, expects to be in produc- 
tion by fall, at a rate approaching 1000 tons daily. 
The ore deposits at Zellidja, Touisset and Nord 
Africaine have scme similarity to those in Southeast 
Missouri, but considered as a whole, the area is 
marked by quite definite zoning. The ores in the 
Touisset mine which lies to the west of Zellidja, con- 
MR. MECHIN is Vice-President of St. Joseph Lead Co., in New 
York City. He is a member of the AIME. 
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tain relatively little zinc; and those of Nord Africaine 
to the east, are primarily zinc with a relatively low 
lead content. The ore which Zellidja is now milling 
and which is more or less representative of the bulk 
of the known reserves, runs about 4 pct lead and 
about 3 to 3.5 pet zinc. 

The Zellidja company, in association with Pen- 
naroya has constructed at Oued E] Heimer, about 
16 kilometers from the mine, a Scotch Hearth smelt- 
ing plant with 10 Neuman hearths. A lead blast fur- 
nace is in the process of construction. Zinc concen- 
trates and any excess lead concentrates from Zel- 
lidja, are trucked to the railroad at Oued El Heimer 
and shipped some 60 miles to the Port of Neumours 
just over the Moroccan line in Algiers. Touisset con- 
centrates and the zinc concentrates from Nord Afri- 
caine will be handled in the same manner. 

Morocco is, of course, within the French Colonial 
Empire, and heretofore, with minor exceptions, most 
production moved to French or Belgian smelters 
and was disposed of within France. It is unlikely 
that there will be any substantial movement of either 
metal or concentrates direct from North Africa to 
the United States, although indirectly repayment of 
E.C.A. loans to the Zellidja company will be made 
by a portion of this production over the period of 
the next five or six years. 
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Introduction to Geology, by EB. 
Branson, W. A. Tarr, and W. D. 
Keller, revised by Carl C. Branson. 
McGraw-Hill, 1952. $5.50.—Dealing 
with physical and historical geology, 
the book has been revised from an 
earlier edition. An attempt has been 
made to eliminate unnecessary detail 
in discussing processes and history. 
Revisions bring technical and statis- 
tical data up-to-date, and follow 
suggestions by teachers who used 
earlier editions. The book carries an 
eye witness account of the severe 
earthquake in Assam, India, in 1950 
and the story of Paricutin and other 
major examples of volcanism. Charts 
summarize chemical weathering, and 
the results of metamorphisms. The 
book also contains many new illus- 
trations, including aerial photo- 
graphs 


A History of Phelps Dodge 1834-1950, 
by Robert Glass Cleland. Alfred A. 
Knopf, 1952. $4.00.—The book traces 
the growth of Phelps Dodge from the 
day Anson Greene Phelps opened a 
small saddle shop in Hartford, Conn., 
to the present day. As the country 
grew, so did Phelps Dodge. The com- 
pany took part in large affairs from 
its very beginning. It bought and 
sold, exported and imported, built 
factories and railroads, and widened 
its scope of operations economically 
and geographically. Entrance of 
Phelps Dodge into copper mining and 
the gradual giving up of other in- 
terests in favor of the new venture 
is traced. 


Handbook of Engineering, by Ovid 
W. Eshbach, John Wiley & Sons, 1952. 
$10.00.—The purpose of the handbook 
is to embody in a single volume all 
scientific laws and theories basic to 
engineering practice. The book con- 
tains a summary of all fundamental 
technology common to nearly all en- 
gineering curricula, with only tech- 
niques of surveying and drawing 
omitted. 


Mining Year Book—1952, compiled 
and published by Walter E. Skinner. 
$7.00.—This is the 66th annual issue 
of a standard reference work. It con- 
tains up-to-date information on 950 
companies operating in all parts of 
the world, together with a listing of 
names and addresses of 1100 mining 
engineers and mine managers and 
their companies. Company directors 
and officials are also given. Descrip- 
tion of the plant and property, oper- 
ating results, capital and dividends 
and financial results are contained in 
the book. 


Engineers and Ivory Towers, by 
Hardy Cross, Edited and arranged 
by Robert C. Goodpasture. McGraw- 
Hill, 1952. $3.00, 141 pp.—The con- 
tents of the book are culled from the 
writing of Hardy Cross, and reflect 
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the author's opinion of the engineer 
and his relation to humanity. The 
work touches on a wide range of 
subjects, including education, gradu- 
ate study, the application of stan- 
dardization, and responsibilities and 
obligations of engineers. The book 
attempts to evaluate engineering 
progress, its contributions and its 
limitations. 


Mineral Forecast 2000 A.D., by Ed- 
ward Steidle. State College, Pa., 1952. 
$3.00, 216 pp.—The book foresees an 
ever-expanding U. S. economy in the 
next 50 years. It reviews our depend- 
ence on outside sources for many 
strategic and critical mineral sup- 
plies. It also outlines the urgent need 
for conservation of minerals. It makes 
a case for a Federal Department of 
Mineral Industries with a Secretary 
of Cabinet rank. Forecasts are pre- 
sented for mineral fuels, metallic 
minerals, and nonmetallic minerals, 
and their discovery, extraction, prep- 
aration, processing, and utilization. 


Analytical Mechanics for Engineers, 
fourth edition, by Fred B. Seely and 
Newton E. Ensign. John Wiley & 
Sons, Inc., 1952. $5.00, 443 pp.—Me- 
chanical principles essential to engi- 
neers are presented in four sections: 
Statistics, kinemetics, kinetics, and 
special topics of vibrations and bal- 
ancing. The book aims to develop 
principles from experience, to apply 
them to practical problems and to 
emphasize their physical interpreta- 
tions. New illustrative problems have 
been added, and material revised in 
accordance with current ideas. 


Dana’s Manual of Mineralogy, 16th 
edition, revised by Cornelius S. 
Hurlbut, Jr., John Wiley & Sons, Inc. 
$6.00, 530 pp.—Allterations and addi- 
tions have been made to bring this 
standard volume up-to-date. Past its 
one-hundredth year of publication, it 
covers: introduction to mineralogy; 
chemical mineralogy, descriptive 
mineralogy; occurrence and associa- 
tion of minerals; mineral uses; and 
determinative mineralogy. 


Intermediate College Mechanics, by 
Dan Edwin Christie. McGraw-Hill, 
1952. $7.00, 454 pp.—The book em- 
phasizes the vectorial treatment, and 
treats vector algebra in the first two 
chapters. Basic material in an ele- 
mentary mechanics course is de- 
veloped, the outline for which is de- 
termined by major physical concepts. 
The remaining chapters deal with 
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selected topics in mechanical physics 
as vibration, deformation, hydro- 
dynamics, wave motion, and others. 


International Conference About Rock 
Pressure and Support in the Work- 
ings. Institut National de I'Industrie 
Charbonniere, Belgium. 200 Francs, 
475 pp.—Forty-two papers presented 
at the conference are presented in 
the book under the following head- 
ings: rock pressure and movements 
around the face; measurements of 
rock pressure and movements; obser- 
vations and practical notes; methods 
of support at the coal-face; methods 
of support of roadways; roof bolting; 
roof-bursts, water and gas influx, and 
falls of ground. All articles are in 
English. French and German editions 
are available. 


Principles of Geochemistry, by Brian 
Mason. John Wiley & Sons, 1952. 
$5.00, 276 pp.—The author presents a 
description of subject matter, fol- 
lowed by a iogical account of the 
earth's pregeological history, utiliz- 
ing new data on the abundance of 
elements and isotopes in the earth 
and universe. The book goes into de- 
tailed discussion of the geochemistry 
of igneous, sedimentary, and meta- 
morphic rocks, the origin and evolu- 
tion of the ocean, and the role of 
organisms in the concentration and 
deposition of individual elements. 
Stress is placed on the need for 
greater effort in interpreting geo- 
logical data in terms of the principles 
of physics and chemistry. 


Manual of ASTM Standards on Re- 
fractory Materials, Prepared by 
ASTM Committee on Refractories. 
American Society for Testing Mate- 
rials, 1952. $3.00, 294 pp.—In addition 
to the latest approved forms of 37 
standard and tentative specifications 
the current edition of this manual 
includes other pertinent information 
of value in the testing and use of 
refractories. The book contains sug- 
gested procedures in petrographic 
techniques and for calculating heat 
losses through furnace walls, stand- 
ard samples for chemical analysis, 
industrial surveys of service condi- 
tions of refractories and a proposed 
glossary. 


Principles of Petroleum Geology, by 
E. N. Teratsoo. McGraw-Hill, 1952. 
$7.50, 449 pp.—The book is intended 
for geology students and all those 
concerned with the oil business. It 
covers both academic questions re- 
lated to origin, migration, and ac- 
cumulation of petroleum in the sub- 
surface, and the practical problems 
of discovering and exploiting de- 
posits. Treatment is given surface 
methods, aerial survey and the 
evaluation of oil seepages and as- 
phalt deposits. 
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Experiments With an Underground Auger 


by J. P. Newell and R. W. Storey 


This paper deals with a trial operation in 


underground auger mining with a machine 
especially developed for this purpose. The 
experiment was carried out in a thin coal 
seam with bad roof conditions. Total elapsed 
time of the operation was about 10 months, 


UGER mining is a form of continuous mining in 
that it completely replaces with a one-cycle 
operation the older conventional cut, drill, shoot, and 
load method of mining. Relatively new, having been 
utilized only within the last few years, it is even 
more continuous in its production of coal than some 
other forms of continuous mining being practiced 
in this country today. 

There are at present coal recovery augers in 
operation working along strip-mined highwalls from 
the outside. This paper will deal with underground 
mining, specifically with an experiment which was 
carried out with a machine developed for this 
purpose. 

The location of this experiment was in Pike 
County in eastern Kentucky in the upper split of the 
No. 3 Elkhorn seam. Coal height was 32 in. and 
roof conditions were very bad, with 10 in. of soft 
draw slate coming down with every cut in con- 
ventional mining. The coal is high-grade bituminous, 
excellent for metallurgical coking. 

Underground auger mining fills a need for a 
method of recovering coal in thin seams, under bad 
roof conditions or in split seams. In many cases it 
might save money by eliminating the handling of 
excessive quantities of rock. In fact, if the coal can 
be recovered, as in the case of this experiment, with- 
out mixing with any impurities outside the seam, 
it may be possible to load or ship, a satisfactory 
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product with little or no preparation or cleaning 
expense. The need for some economical method for 
recovering coal from thin seams is becoming more 
pressing as the more profitably mined seams are 
exhausted. 


Basic Principles of Auger Mining 

The principles of the auger, or screw conveyor, 
have long been used in drilling small diameter holes 
for blasting and other purposes. These same funda- 
mentals apply to large diameter drilling. However, 
considerably more attention was given to designing 
a cutting head that would not pulverize the coal and 
consequently would require a minimum of power to 
drive it. 

The head, as designed for this job, consists of a 
cylinder 25 in. in diam with steel bits set in 3 posi- 
tions spaced around the forward rim. A conventional 
coal drill bit, at the head of a bursting cone in the 
center of the cylinder, trails the forward rim slightly, 
see Fig. 1. The bursting cone and auger connections 
are anchored to the cutter barrel by 3 arms spaced at 
120°. This head design proved to be very satis- 
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factory in producing lump coal as shown by the 
following screen analysis: 


Sereen Hole Diam, In. 


Results such as this were found to be obtainable 
only when cutting at full speed. If a slower drilling 
rate is used because of weak pressure or dull bits, 
there is a heavy transfer from the 3x3/16-in. size 
range to 3/16x0-in. range. The +3-in. size is affected 
only slightly. 

In drilling, the head has a tendency to drift to the 


Fig. 3—Drilling head starting into coal. Note lugs around 
of head, designed to relieve any downward pressure 
cutting teeth. 


678—MINING ENGINEERING, JULY 1952 


Fig. 2—Typical curves of holes using various methods of controlling 
vertical movement of head. 


right because of clockwise rotation. However, this 
was not serious since the drift was substantially the 
same in every hole and the holes remained parallel. 
Another characteristic of the head as it was origi- 
nally designed did give considerable trouble: a dip 
or downward curve in the path of the head was so 
steep that even with the maximum upward angle 
short, or penetrating the roof, the holes hit bottom 
within 40 to 50 ft. Once the head was started into 
the hole no means was found to influence its direc- 
tion, either by fast or slow drilling or by changing 
the angle or elevation of the machine. 

Levels were run on the top of each hole (to dis- 
count the effect of abrasion on the bottom) and re- 
sults plotted on a graph, see Fig. 2. The curves of 
all holes drilled with the same head were similar in 
shape. This similarity gave some hope that a very 
uniform performance might be expected after a so- 
lution to the dropping curve could be found. 

It was thought that if some means were found to 
remove any downward pressure from the forward 
end of the cutting head, especially the weight of the 
head itself, the curved path of the hole could be 
flattened. This was accomplished by welding a series 
of lugs around the outside of the cylinder approxi- 
mately 2 ft back from the cutting edge, as illus- 
trated in Fig. 3. This would give a fulcrum, so to 
speak, upon which the cutting edge could be canti- 
levered upward, thus raising the teeth up from the 
bottom of the hole. It was found that varying the 
size of these lugs not only flattened the curve but 
also caused it to curve upward; the larger the lugs 
the more upward the curve. These lugs seriously 
reduced drilling speed so that later they were 
changed to the solid steel rollers shown in Fig. 4. 
These are similar to spherical roller bearings and 
are 13/16 in. in diam and 1% in. long. 

Experimentation with the rollers to get them 
set in the right position proved that holes of 90 to 
115 ft could be drilled without cutting into top or 
bottom. 


Construction and Operation of the Drilling Machine 

The machine used in this experiment was a Car- 
dox-Hardsocg underground coal recovery drill 
demonstrated in Fig. 5. It is 24 in. high, 10% ft 
long in direction of drilling, and 6 ft 4 in. wide, 
weighing 8000 lb. It is powered by a 25-hp per- 
missible, 250-v D. C. motor driving through a fluid 
coupling, see Fig. 6. A clutch, a forward and reverse 
gear box, a chain drive, and a square bar deliver the 
power to the drive chuck transmission, which travels 
6% ft along the square bar as the head is pushed 
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Fig. 4—Rear view of cutting head showing rollers used to support 
weight of head. 


into the coal, giving a rotation speed of 45 rpm, Fig. 
7. There is a drive chuck on either side of the 
transmission, so that by reversing the rotation and 
using a second set of augers with reverse scrolls to 
deliver coal on the outby side the operator can drill 
on both sides of the entry without turning the 
machine around. 

The 25-hp motor also drives a hydraulic pump 
which furnishes an 18,000-lb thrust, or pull, on the 
drive chuck, engages and disengages the clutch, 
operates the gear shift, and raises and lowers the 
four floor and three roof jacks. The former are 
necessary to place the head the proper distance from 
the top and bottom of the seam and at the correct 
angle, while the latter hold the machine rigidly in 
position so it cannot shift out of line while drilling. 
Needle valves lock the jacks once the machine has 
been set. The frame of the machine is of all-welded 
steel pipe construction serving also as a reservoir 
for the hydraulic oil and a housing for the roof and 
floor jacks, thrust jacks, and cables. 

For moving long distances the machine is equip- 
ped with detachable rubber-tired wheels on which 
it can readily be pulled. For short moves from hole 
to hole there are two pairs of small double-flanged 
rollers on the bottom of the frame. Thus while the 
machine is raised on the floor jacks, two sections 
of light rail may be placed under these rollers. After 
the jacks are withdrawn the machine can be rolled 
to the next drilling position; by slightly raising the 
inby end of the rails one man can accomplish this 
moving easily. There is also a roller-bearing turn- 
table under the machine which is used to correct 
any misalignment or to turn the machine 90° or 
more if necessary. 

A puller bar, see Fig. 8, extending from the 
machine approximately the distance of the hole 
centers is bolted to the drive chuck transmission. 
This may be detached during long moves of the 
drilling machine, see Fig. 9. A hook and chain allow 
coupling to the string of augers in the completed 
hole, and by using a second drill head the operator 
may recover the string a section at a time and 
use it in the new hole as it is being drilled. This 
feature prevents cluttering up the operating entry 
with auger sections and saves time in getting ready 
to move to the next drilling position when a hole is 
completed. In other words, there is very little lost 
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motion or nonproductive time once drilling has be- 
gun on a certain length of rib line. 

Since the auger delivers its coal at the mouth of 
the hole on the side opposite the direction of rota- 
tion, it may be a problem to pick up the coal and 
get it to another means of transportation. In this 
case, where no bottom was taken, a shaker con- 
veyor was used for the purpose, see Fig. 10. A flat 
pan about 3 ft wide attached to the end of the 
shaker was placed immediately under the auger 
string and against the rib. This removed the coal 
from the scrolls before it travelled more than a foot 
or two. 

Since drilling was done on one side of the entry 
only, in this case the shaker was very satisfactory. 
However, this arrangement would present some 
serious problems if drilling on both sides were con- 
templated. Possibly some conveyor arrangement 
could be devised that would not be too cumbersome 
and would pick coal up from the augers on each 
side of the entry. This is a much needed feature of 
the machine that to date has not been satisfactorily 
achieved for all conditions. 


Possibilities and Limitations of Projected Methods 
For any system of mining it is generally more 
economical to get a maximum amount of coal with 


a minimum amount of development or dead work. 
This is true in the case of auger mining. For this 


Fig. 6—The drilling mochine showing string of augers coupled to 
the drive chuck transmission. 


JULY 1952, MINING ENGINEERING—679 


Fig. S—The drill 
Wat 
| 
#9 
| 
1 
: 


Fig. 7—The drive chuck transmission. Note chucks for drilling in 
both directions. 


reason it is desirable to get maximum length or 
depth of holes, to be able to drill holes alternately 
or at the same time on both sides of an entry, and 
to get a maximum percentage of recovery from the 
territory developed. 

This experiment has proved that under uniform 
seam conditions of slope and height, holes of at 
least 100 ft may be anticipated. Rolling or other 
adverse seam conditions could materially reduce this 
figure. Also, available power in the drilling machine 
would limit the depth to which holes could be drilled, 
although no accurate data on power required were 
derived from this experiment. 

It has been explained previously that the machine 
used in this instance could drill holes alternately on 
both sides of an entry. It is entirely feasible that 
a machine could be developed that would drill on 
both sides at the same time. This feature in itself 
brings up the problem of how to develop a territory 


Fig. 9—Pulling @ section of auger from the completed hole. 
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Fig. 8—Puller bor fastened to drive chuck transmission. 


leaving 100-ft wide pillars for drilling on both sides 
of the entries and still remain within allowable limi- 
tations of ventilation. This may be accomplished by 
driving entries 200 ft apart and drilling auger holes 
for air as the entries are advanced, as will be seen | 
in some tentative projections. 

The highest practicable recovery will vary from 
45 to 55 pct according to seam height and other 
conditions, owing to the fact that an auger some 6 
in. less in diam than the seam height must be : 
selected and pillars of 4 to 8 in. must be left between 
holes for roof support. A recovery of 50 pct is 
probably average. 

Fig. 11 shows a system of auger mining wherein 
entries are driven two or three at a time in the con- 
ventional manner, with blocks 100x200 ft, one on 
each side of a single entry, being left for drilling. 
This system requires a considerable amount of de- 
velopment but may be economical if seam conditions 
are more favorable toward conventional methods of 
mining. An advantage is that a considerable terri- 
tory could be developed ahead of the actual auger 
mining. Also, ventilation could be kept up by the 
usual methods, and no auger would be kept in the 
entry during development. 

Fig. 12 shows a system that should be more 
readily adaptable to thin seam or bad top conditions, 
since it lends itself to a relatively high production 
from a concentrated area and requires much less 
development per ton of auger-mined coal recovered. 


Fig. 10—Sheker conveyor used for transportation of coal from the 
augers. 
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Table |. Evaluation of Time Factors in Auger Mining 


very 
Leveling and locking drill 
Starting hole and removing Kelly bar 
Drilling 100 ft at 0.41 min per ft 
Retrieving and inserting 16 auger sections 
Minor delays, 10 pct added 

1 time per 100-ft hole 


However, it demands that a machine be available 
continually for drilling ventilation crosscuts as the 
entries advance. This projection is far from complete 
and some serious problems of ventilation have not 
as yet been solved. 

While no details have been shown in either of 
these systems it is entirely possible that some of 
the development could be done by auger mining 
equipment. This might be accomplished by drilling 
several parallel holes straight ahead and then using 
some means of removing the pillars between holes 
to make an entry of whatever width is required. It 
remains to be seen whether or not this method of 
entry driving would be practical. 

There are, no doubt, other systems of auger mining 
that will be devised. For instance, it might be 
adapted very readily to a seam where parting is too 
thick to allow profitable mining by conventional 
methods. Such conditions could justify an entirely 
different approach to the subject of projections, de- 
velopment, and various other factors. 


Economics of Underground Auger Mining 

For the purposes of this experiment an entry 700 
ft long was prepared, with solid coal on one side, 
and while several difficulties were encountered that 
impeded the project, a complete time study was 
made on the drilling of 54 holes. This used up about 
150 ft of the entry. The remaining distance was 
drilled without keeping exact time study records, 
but the first 54 holes provided sufficient data to 
make reliable production estimates. Evaluation of 
the time study data showed that certain results could 
be expected, see Table I. 


— 
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Fig. 11—Projection for a system of auger mining wherein entry 
development is by conventional mining methods. 
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Fig. 12—Projection for @ system of auger mining incorporating o 
very low ratio of development to production. 


With 420 min of work time per shift this would 
allow 4.9 holes per unit per shift to be drilled. On 
this basis, using a 25-in. diam cutting head, a pro- 
duction of 13.6 tons per hole or 66.6 tons per unit 
shift would be realized. 

Probably the best way to show what production 
and economy could be expected from underground 
auger mining would be to assume a complete section, 
such as that shown in Fig. 12. This theoretical sec- 
tion would employ eight coal recovery augers and 
four development units. Actually only four of these 
augers would be on full production of coal at any 
given time, the other four being kept on hand by 
development crews for drilling ventilation crosscuts. 
If a 25-in. diam cutting head is used, assuming a coal 
height of 30 to 32 in., production is estimated as 
shown in Table II. The figures would resolve into 
967 tons daily, at 12.3 tons per man-shift on the sec- 
tion. At 80 pct performance the production would be 
774 tons. 

If seam height were such that larger diameter 
holes could be drilled the production per unit would 
increase greatly. For instance, if drilling 37 in. diam 
holes were feasible, using four machines on three 
shifts, coal production could reasonably be estimated 
at a total of 1980 tons per day, with full production 
at 1750 tons and development recovery at 230 tons. 
An 80-pct performance would give 1584 tons and 
on the basis of an assumed 21-man section would 
mean a production of 25.1 tons per man-shift. 

The preceding figures show some very interesting 
possibilities. Just where the practical limit of hole 
diameters would be is a matter that will probably 
be established in the future as the underground 
mining of coal by auger methods becomes further 
advanced. 


Table ||. Estimated Personnel ond Production Retes Per Section for 
@ System of Auger Mining 


Dally Predection, Four 
Units on Three Shifts 


Required Crew 


Drill operators and helpers 


helpers 
Cleaners and utility men 
man 


Full production 800 

Development tonnage 
entries and crosscuts 167 

Total 967 
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Deep Hole Prospect Drilling 
At Miami, Tiger, and San Manuel, Arizona 


by E. F. Reed 


ONSIDERABLE deep hole prospect drilling has 

been done in the last few years in the Globe- 
Miami mining district about 70 miles east of Phoe- 
nix, Arizona, and in the San Manuel-Tiger area 
about 50 miles south of the Globe-Miami region. 
More than 205,000 ft of churn drilling have been 
completed by the San Manuel Copper Corp. at their 
property in the Old Hat Mining District in southern 
Pinal County. The deepest hole on this property is 
2850 ft; there are 49 holes deeper than 2000 ft. At 
the adjoining Houghton property of the Anaconda 
Copper Mining Co., where only one hole reached 
2000-ft depth, there were 27,472 ft of churn drilling 
and 3436 ft of diamond drilling. Three churn drill 
holes were deepened by diamond drilling methods. 
Near Miami in the Globe-Miami district the Amico 
Mining Corp. drilled four holes by combined churn 
and rotary drilling methods, the total amounting to 
13,879 ft, of which 2256 ft were drilled with a port- 
able rotary rig. In the same district, besides doing 
a large amount of shallow prospect drilling, the 
Miami Copper Co. drilled two holes of 2560 and 3787 
ft, respectively, which were completed by churn 
drilling methods. 

The rocks encountered in drilling at San Manuel 
and Tiger are described by Steele and Rubly in their 
paper on the San Manuel Prospect’ and by Chap- 
man in a report on the San Manuel Copper Deposit.’ 
The rocks are well-consolidated Gila conglomerate, 
quartz monzonite, and monzonite porphyry. In 
some places these formations stand very well while 
being drilled, and three holes were drilled without 
casing, the deepest of which was 2200 ft. In other 
holes faulted and fractured ground made drilling 
difficult 

In the Globe-Miami district the deep drilling was 
done in the down-faulted block of Gila conglomerate 
east of the Miami fault and in the underlying Pinal 
schist. The geology of this area is described by 
Ransome.” In the Amico holes the conglomerate 
varied from material consisting entirely of granite 
boulders and fragments to a rock made up of schist 
fragments in a sandy matrix; in the Miami Copper 
Co. holes there were more granite boulders and the 
material was poorly consolidated. Drilling was 
much more difficult and expensive in the Miami 
area than in the San Manuel district, mainly because 
of the depth of the holes and the formations drilled. 

All the deep hole prospecting described in this 
paper was done with portable rigs. The churn drill 
rigs were of several types, of which the Bucyrus- 
Erie were the most popular. Bucyrus-Erie 28L, 
29W, and 36L rigs were used on some of the deeper 
holes on the San Manuel property. A few Fort 
Worth spudder types were tried, and the deepest 
hole at San Manuel was drilled with a Fort Worth 
Jumbo H. The spudder type is considerably larger 
than most other rigs used on this work and required 
a larger location site. The spudders were belt- 
driven machines with separate power units, and 
time required for setting up and moving was much 
longer than with the more portable drills. 
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All the churn drilling was done by contractors or 
with machinery leased from them. A few of the 
contractors had complete equipment, including most 
of the necessary fishing tools. Unusual and special 
fishing tools were obtainable from the supply com- 
panies in the oil fields of New Mexico or in the Los 
Angeles area. Most of the contractors used equip- 
ment with standard API tool joints, so that much of 
it was interchangeable. 

Failure of tool joints is one of the principal causes 
of fishing jobs. It can be minimized if the joints are 
kept to the API specifications and the proper sized 
joints are used in the various holes. The minimum 
sizes that should be used with various bits are as 
follows: 12-in. and larger bits, 4x5-in. tool joints; 
10-in. bits, 344x4%4-in. tool joints; 8-in. bits, 2%x 
3%4-in. tool joints; 6-in. bits, 2%x344-in. tool joints; 
4-in. bits, 15sx254-in. tool joints. 

Two rotary drill rigs were tried at San Manuel 
on the same hole, and a portable rotary drill rig was 
used on the Amico drilling for test coring the forma- 
tion and for drilling in holes 3 and 4. Rotary drilling 
differs from churn drilling or cable tool drilling in 
that the bit is revolved by a string of drill pipe 
and the cuttings are removed from the hole by a 
thin solution of mud pumped through the drill pipe. 
The principal parts of a rotary rig are the power 
unit, a rotating table to revolve the drill pipe, hoists 
to raise and lower the pipe and to handle casing, and 
a pumping system to circulate the drilling liquid. 
The rig used on the Amico property at Miami was 
mounted on a truck. The larger rig used on the 
San Manuel property was hauled by several trucks 
and had separate turntable and pumping units. 

Diamond drill coring equipment was used suc- 
cessfully with the rotary rig in the holes on the 
Amico property. To allow for 2%%-in. drill pipe with 
tool joints, 3%-in. core barrels and bits were used. 
With the standard 3'%-in. core barrel there was con- 
siderable difficulty in maintaining circulation with 
mud, so a barrel was designed with a smaller inner 
tube and a broad-faced bit. This allowed coarser 
material to circulate between the barrels. Rock bits 
of 55% to 3% in. were used with the rotary rig for 
drilling between core runs. 

Diamond drill equipment is much lighter than 
churn drill tools, so that fishing tools can usually 
be obtained from supply houses by air express when 
needed. Three churn drill holes on the Houghton 
property at Tiger were deepened by diamond drill- 
ing with Longyear UG Straitline gasoline-driven 
machines. The open churn drill hole was cased with 
2%-in. black pipe. 

In deep hole churn drilling, casing is one of the 
most important items, especially in drilling in un- 
consolidated material like the formations drilled by 
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the Miami Copper Co. and the Amico Mining Corp. 
At Miami it was furnished by companies. At San 
Manuel it was furnished by contractors and the 
company paid for casing which could not be re- 
covered from the holes. 

When available, casing for deep wells should be 
seamless, with API long collar joints and 8 round 
threads to the inch. Pipe lengths as long as the rig 
will handle should be obtained. Miami Copper holes 
were started with 24-in., double-ply 8-gage casing, 
as the first part of the holes was drilled through 
tailings. This was followed by 20-in. water well 
casing. Some 16-in. water well or slip joint casing 
was used in Amico hole No. 4. 

The strings used by Miami Copper Co. allow drill- 
ing the deep part of the holes with larger tools and 
make it possible, when necessary, to complete a 
hole by running a 4%4-in. liner, see Table I. The 
65s-in. and 4%4-in. strings used by Amico give more 
clearance. If the hole is advanced much beyond the 
larger sized casing the 6% and 4%4-in. strings will 
follow better. 

Casing is recovered from a completed hole by 
driving it up from the bottom with a casing spear 
while it is being pulled at the top by elevators. 
When it is too tight in the hole to be recovered it 
frequently can be loosened if part of the string is 
cut off. Collar busters and casing rippers will usu- 
ally cut a string at the required point. Casing can 
also be parted by blasting, but this often bells out 
the break and causes further difficulty in recovery. 

After the collars and threads were cut off some 
of the casing used in the first Amico holes it was 
used again as a butt-welded string in holes 3 and 4. 
This is at least as strong as thread and collar casing, 
but if it becomes stuck it is very difficult to recover 
without rotary casing-cutting equipment. About 
85 pct was recovered in the drilling at Miami. 

Churn drilling at San Manuel has been described 
by Steele and Rubly’ and by Chapman.’ Four of 
the deepest holes on that property were drilled with 


Table |. Thread and Collar Casing Used at Miemi 


different types of churn drills, with the results 
shown in Table II. 

These figures indicate that in the holes where the 
longest runs were made the greatest speed of ad- 
vance was obtained. It is likely that if properly 
handled the various rigs would have equivalent 
drilling speeds in the same rock. The Jumbo H 
takes more time to set up or move than the other 
rigs but would probably drill just as fast. In recent 
work at San Manuel a new type of Bucyrus-Erie 
36L has been used with a stronger power unit, 
allowing the handling of heavier strings of casing. 

The Bucyrus-Erie 36L type of rig was used on 
both the Amico drilling and on the two deep holes 
drilled by Miami Copper Co. Two drill rigs were 
used simultaneously on both projects, and drilling 
speed depended on the ground encountered and not 
on the drill crews. In much of the drilling at Miami 
it was necessary to lower and underream casing to 
be sure to reach the depth required. This work was 
found to entail approximately the same time and 
cost per foot as the original drilling of the hole. 
Amico holes 3 and 4 were not underreamed, but 
neither hole could have been completed by churn 
drilling to the depth finally reached by rotary drill- 
ing methods without considerable underreaming and 
carrying of casings. In this ground the underream- 
ing method would probably have been less expensive 
than rotary drilling. 

Table III shows the churn drilling performance 
on the four Amico holes. In No. 1 hole, 1210 hr 


Table 1. Drilling Results in Four Deep Holes 


Hole number 
Type of rig 
Date started 
Date completed 
Shifts worked 
Total depth 

Ft per shift 

Ft per hr 


Drilled with 12-in 
10- 


Ft drilled, total 


Table Il. Drilling Results, Amico Mining Corp. 


Depth drilled, ft 
Ft per hr, pet 


Ft per hr 
(drilling only), pet 


~ 
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| 
Size, In. Weight, Lb. Size, In. Weight. Lb. 
16 70 
13% 48 13% “5 
10% 405 10% 45.5 
8% 28 
7 23 6% 26 
: 5% 15.5 4% 16 
16 90 105 
4: B-E 29W Jumbo H B-E 36L B-E 28. 
4 Sept. 14, 1946 Dec. 19, 1946 Jan. 4, 1947 Dee. 28, 1947 “ 
oe Dec. 6, 1947 May 3, 1947 March 3, 1947 Feb. 17, 1948 5 
Fe. 206 309 223 142 4 
; 13.2 92 12.3 18.6 
1.65 1.15 1s 2.32 
bit 1135 1285 1308 920 
Psa bit 525 765 425 955 
8-in. bit 425 165 375 6RS 
6-in. bit 640 635 237 ki) 
5-in. bit 408 
2725 2850 2750 2635 
Ne. I Hele Ne. 2 Hele Ne. 3 Hole Ne. 4 Hele , 
Hr T et ar Total, Pet Hr Total, Pet Hr Pet 
Setting up 22 42 
Drilling 3955 3326 
Not working 551 736 
Reaming 1093 1597 
Preparing tools 96 126 
ne Fishing 337 110 
Repairs 57 96 
Casing 271 411 
Miscellaneous 183 92 
Total 6565 6536 4,156 4410 
2872 2915 2,769 3067 
0.44 0.45 0.67 0.70 


Table 1V. Drilling Results, Miami Copper Co. 


Ne. 1 Hole 
Mr Total, Pet 


Bg 
evr 


Depth drilied 

Ft per br. pet 

Pt per hr 

(drilling only), pet 


Table V. Diomond Core Drilling trom Churn Drill Holes 


Diamond drilling, depth started 
BX, depth drilied 

BX, no. of ft drilled 

Core recovery, pet 

Rate of drilling, ft per day 

AX, depth drilled 

AX, no. of ft drilled 

Core recovery, pct 

Rate of drilling, ft per day 


were lost drilling past a length of 8-in. casing which 
parted and remained in the hole. The two Miami 
Copper Co. holes were drilled simultaneously. Drill- 
ing performance is shown in Table IV. 

Different types of bits and various methods of 
sharpening them were tried on the Amico work 
without any definite change in drilling speed, which 
was faster in holes where fewest hard boulders were 
found in the conglomerate. A number of crew mem- 
bers who had worked with Amico also drilled the 
Miami Copper Co. holes, using similar equipment, so 
that relative drilling speeds were influenced chiefly 
by the formations encountered. 

The conglomerate drilled on the San Manuel 
property was better consolidated and had fewer 
boulders than the conglomerate at Miami, and the 
porphyry formations at San Manuel drilled much 
faster than the Miami schist. Both formations at San 
Manuel appeared to stand better. The average ad- 
vance of each size bit in the four holes shown in 
Table II was 645 ft, while the average depth of open 
hole drilled by Miami Copper Co. after landing a 
string of casing was only 118 ft. 

The San Manuel Copper Corp. did not allow the 
use of drilling mud to seal off the water from the 
walls and help prevent caving, but it was used in all 
the holes at Miami. The Miami Copper Co. devised 
a method of mixing a known amount of barite with 
the drilling mud so that the samples could be 
analyzed for barium and the amount of mud dilu- 
tion of the samples determined. Standard methods 
of churn drill sampling were used in all the drilling. 

Two rotary rigs of the portable type sometimes 
used in drilling oil wells were tried on hole No. 59 
on the San Manuel property to obtain some core for 
metallurgical tests and geological information. The 
first proved too small, and only one attempt was 
made to core in the 945 ft drilled with that rig. The 
second rig drilled to 1000 ft and cored from 1000 to 
1608 ft. The core from a hole of 9% in. was 3% in. 
in diam. In all, 108 ft of core were recovered, or 
17.76 pet of the depth drilled. Drilling and coring 
took 12 days, so that the rate of advance was about 
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50 ft a day. This is considerably faster than churn 
drill advance, but rock bit costs were excessive. 

On the Amico property it was found that the 
deeper part of the conglomerate formation con- 
sisted entirely of schist fragments, so that it became 
impossible to tell by means of churn drill cuttings 
whether the holes were in conglomerate or solid 
schist. When hole No. 1 had been drilled to 2870 ft 
and hole No. 2 drilled to 2915 ft, it was decided to 
recover core for proof of solid formation. Diamond 
drill contractors were unwilling to attempt coring 
at that depth with equipment available, so a port- 
able rotary rig was obtained. Cores were cut from 
the bottom of both holes, using 34-in. diamond drill 
core barrels and 2%%-in. drill pipe. The rotary rig 
was equipped with special weight indicators and 
pressure gages to adapt it to diamond drill work. 
Excellent and conclusive results were obtained, but 
the work was expensive for the amount of drilling 
done. 

For similar reasons, coring methods with the same 
equipment were used in Amico holes 3 and 4. These 
holes were found to be still in conglomerate, and so 
were drilled between core runs with rotary drill 
rock bits. The formation was very abrasive and rock 
bit costs were high, but the holes were completed 
by this method with satisfactory results. In drilling 
with rock bits a large proportion of the cuttings 
were removed from the drilling liquid with a shaker 
screen; the fines were removed in settling tanks. 
These materials were used as rough samples of the 
formations drilled, but all clay material remained 
in the drilling stream. Core samples were the only 
satisfactory indication of the values encountered. 

A rock bit core barrel was tried in the conglom- 
erate but did not prove satisfactory, as only 15 pct 
of the core cut was recovered. Core recovery with 
the diamond drill equipment averaged more than 
50 pct and was better in the schist than in the con- 
glomerate. 

At the Houghton property near Tiger, three churn 
drill holes were deepened by diamond drill methods 
and equipment. The results of this drilling are 
shown in Table V. The Longyear U. G. Straitline 
rigs used were capable of drilling in BX and AX 
sizes at the depths required, so the holes were 
started by placing 24%-in. standard black pipe in the 
churn drill holes. This pipe was cemented in at the 
bottom and stretched at the top to cut down vibra- 
tion. 

Sludge and core samples were weighed and as- 
sayed separately, and satisfactory average values 
were calculated. In work when high core recovery 
is necessary, this method could be used with heavier 
equipment and larger diameter core barrels. 
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Ore Control Methods at Inspiration Consolidated 


Copper Company 


RE control is a matter of planning and super- 

vision based on a foreknowledge of the content 
and distribution of ore. The Inspiration orebody is 
predominately a copper-sulphide blanket, overlain 
by an oxidized zone of copper silicates, copper car- 
bonates, and barren capping. Most of the ore is 
treated by leaching, and the optimum requirement 
of this method is the goal toward which the mining 
schedule is aimed. Both open-pit operations and 
underground mining are used. The problems of ore 
control at Inspiration are: 1—maintenance of metal- 
lurgical balance, 2—conservation of oxide ore, and 
3—mining out of the orebody at an average grade 
which parallels that of the reserve figure. 

Prior to the fall of 1926 all of the Inspiration 
division ores were treated by flotation, but the 
mixed ores of the Live Oak—Keystone section car- 
ried too large a proportion of copper in the form of 
chrysocolla for satisfactory flotation. For this type 
of mixed ore the leaching process now in use had 
been worked out, and the plant was put into opera- 
tion in the fall of 1926. 

The process is known as the ferric sulphate leach, 
and the leaching solvents contain both ferric sul- 
phate and free sulphuric acid. Sulphide copper in 
the form of chalcocite is leached by the ferric sul- 
phate, and the oxidized copper minerals are dis- 
solved by the sulphuric acid. 

From the beginning of operations to the present 
time the plant has treated some 67 thousand tons of 
ore having an average copper content of 1.142 pct, 
of which 0.605 pct has been in the form of oxidized 
copper minerals. The plant is currently being op- 
erated at the rate of 11,500 tons per day, 7 days per 
week. However, this tonnage is produced in 6 days 
of mine operation. The average current grade is 
approximately 1 pct copper, of which about 50 pct 
is present as oxidized or acid-soluble copper. 

Close control of metallurgical procedures is a vital 
factor in operation of the plant and is in turn de- 
pendent upon careful regulation of feed. An excess 
of sulphide copper requires the presence of more 
ferric sulphate in the leaching solvents. On the 
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other hand, an excess of ferric sulphate in the pres- 
ence of a low sulphide feed seriously reduces the 
efficiency of electrolytic precipitation in tank house 
operations. This condition must be avoided at all 
costs. 

An additional factor must be considered. It is 
known that the sulphide content is predominant in 
the ore which remains in the reserve. To maintain 
the necessary sulphide-oxide proportion, so that the 
entire reserve will mine out at both a grade and a 
sulphide-oxide ratio that will be permissible 
throughout the remaining life of the property, it is 
obvious that the oxide reserve must be currently 
preserved to as great an extent as possible. 

Fortunately much of the oxide reserve is found in 
the open-pit operation. This happy circumstance 
adds flexibility to the procedure and makes it pos- 
sible to maintain the close regulation necessary to 
insure best overall results, both mining and metal- 
lurgical. 

The two ore streams from the pit and underground 
operations join at the coarse-crushing plant, and 
proper control must be exercised before the ore 
reaches this point. The open pit is currently pro- 
viding about 55 pct of the ore and underground 
operations the balance of production. Both opera- 
tions are under a single superintendent so that the 
closely interrelated problems may be more readily 
controlled. 

The least flexible of the two producing units is 
the underground mine, where the mining method 
is block caving. Although a block of ground may be 
undercut and developed, characteristics of the 
material determine its caving action. The ore in 
the chutes must be drawn. 

The area currently mined from underground is in 
a zone predominately sulphide and is generally 
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overlain with a varying column of carbonates and 
silicates of lower grade. Under the circumstances, 
these constitute excellent diluting material. They 
are in turn covered with a column of leached schist 
or granite porphyry varying from 200 to 500 ft. The 
Live Oak 800 level, producing about 4000 tons daily, 
is typical. 

In the mining of the Live Oak 800 level, which 
has produced several million tons, about 30 pct of 
the copper has been found to be acid-soluble. This 
information is not available from the original churn 
drill logs, and it was only after several years of 
mining that sludges from subsequent sampling were 
assayed for oxide and sulphide copper. This was a 
tremendous forward step in classifying the ore. 
However, where complete churn drilling data are 
not available past mining records are the only source 
of information concerning this important classifica- 
tion. As mining records indicate, 30 pet of the cop- 
per that comes from the Live Oak 800 level is oxi- 
dized in the ore. An attempt is made to get this 
proportion daily and not as an average of highs and 
lows. In drawing the blocks it has been found that 
the first 20 pet of the column will be a very high 
sulphide, 10 pet or less as oxide; the next 20 pct 
approximately 20 pct oxide; the following 20 pct 
about 30 pct oxide, and the final draw assays about 
40 pct oxide. With a planned development schedule 
it is possible to keep one block in the early stages 
of draw, where drawing is kept at a curtailed rate to 
get good caving action; two blocks will be in the 
middle stages of draw, and as good caving action 
should have taken place by this time, these two 
blocks will furnish the major portion of production. 
The fourth block is then in the final stages of life 
with considerable dilution showing in a majority of 


the draw points, necessarily limiting the amount of 


tonnage available. Keeping these producing areas 
in the above stages of draw prevents the occurrence 
of slugs of high sulphide from this area. The result 
is a more uniform character of feed to the leaching 
plant with better control of the overall oxide-sul- 
phide ratio, which meets the desired condition. 

To recapitulate, the basic factors in controlling 
mined grade from underground sources and main- 
taining the desired oxide ratio on a day to day av- 
erage are: 1—a well planned long range develop- 
ment program, with sequence of mining the indi- 
vidual blocks determined by good mining practices, 
as well as a constant source of production at the 
overall level grade, and 2—maintenance of the even 
and planned draw required in the various stages of 
extraction in any given block. 

A careful check is kept on daily underground 
production by the sampling of the individual train 
loads from the various blocks, a grab sample being 
taken from each car before it is dumped. These 
returns are available to the supervisory staff the 
morning following sampling. Grab samples are also 
taken from the stope draw points as needed. This 
applies particularly when blocks are approaching 
exhaustion or when dilution has appeared. Quick 
results are obtainable from the Mine Assay Office, 
and no draw point need remain idle very long wait- 
ing for assay returns. With the information ob- 
tained from underground sampling, any necessary 
change may be made within the level limits to vary 
the grade, provided that good mining practices are 
not violated. 

At present the open pit produces a higher per- 
centage of acid-soluble copper than the underground 
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operation. The productive area includes the eastern 
portion of Live Oak orebody and the entire Keystone 
orebody. The column in this area has a relatively 
low back of leached waste, and the greater part of 
the ore is in the oxidized zone with a lesser column 
of sulphides on the bottom. In the open pit mining 
the grade can be mined in place, as no dilution 
problems exist, but in turn it has been necessary 
to mine down through the oxidized strata to uncover 
sulphides. The physical characteristics of this pit 
currently require mining more oxides than desired 
in the process of exposing the sulphides. Long 
range planning requires the uncovering of large 
tonnages of sulphides in the next few years to take 
up the loss in production from underground sources, 
but at the same time the oxide reserve must be 
nursed, 

Within the limits of the ore that is exposed in the 
pit a very close, day to day control of grade can be 
imposed. The assaying of the blast hole sludges 
renders the problem a simple one by avoiding the 
long interpolations common with the normal grid. 
The following procedure gives the operating staff a 
detailed knowledge of the material available for 
mining. Benches are carried at 50-ft intervals and 
blast holes drilled 5 to 6 ft below grade with sludge 
from the first 50 ft going into a sample. Normally, 
one sample is taken for the entire 50 ft, the sludge 
first being cut by a modified Jones Riffle sampler, 
mounted on the deck of the drill, retaining one part 
in 100. The sample is cut by a small hand riffle 
sampler into a l-gal bucket, retaining one part in 
two. The assay values of the sludges are then 
recorded on the bench assay plans. These are blocked 
out by blasts averaging 35,000 tons, and the total 
copper and acid-soluble copper are calculated by 
averaging numerically the value of the holes in the 
blast. A broken reserve of 200,000 tons of ore is 
about normal. The approximate grade of material 
that will be taken from the mine, coupled with the 
accurate information of the broken ore on the 
benches, indicates the digging area on the bench or 
benches. 

For the first ten months of mining in 1951 the 
grade has averaged 1.022 pct in total copper, of 
which 0.471 pct is acid-soluble, to be compared with 
a planned grade at 1.00 pct total copper with 0.40 
pet acid-soluble. In total copper this is an ex- 
tremely close control, considering the variable 
ground that has to be mined. The acid-soluble cop- 
per is higher than desired, but the current schedule 
in pit mining will give a more flexible control of this 
phase during the coming year. 

The major reserves of sulphide in the open pit lie 
in the Inspiration division, or eastern section of the 
orebody. For the past year stripping of this area 
has been pushed, so by early 1952 the sulphides 
necessary to hold the overall oxide content to the 
required minimum can be furnished from the pit. 
As long as the underground production is limited, 
and exposed reserves in the open pit contain ex- 
tremely high oxides, the difficulty in control is keep- 
ing the oxide ratio down to the minimum require- 
ments until such time as the sulphides are available 
in the open pit. 

It is safe to say that Inspiration has a unique 
problem in ore control. For successful and most 
efficient extraction of the entire remaining ore re- 
serve, great care must be exercised concerning both 
grade and oxide-sulphide content of the ore as 
mined. 
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Some Effects of Sewickley Seam Mining on Later 
Pittsburgh Seam Mining 


by F. R. Zachar 


Unmined blocks in the Sewickley seam, surrounded by 


worked out areas, have been found to transmit overburden 
loads through the interval strata to the Pittsburgh seam 
workings 90 ft below. Operating experiences u these 


T has always been understood, in northern West 
Virginia where both the Pittsburgh and Sewickley 
seams are mined, that pillaring or splitting in the 
lower Pittsburgh seam could break the interval 
strata and make mining in the overlying Sewickley 
difficult or impossible. In some instances, however, 
mining methods practiced in the overlying Sewickley 
have reversed the problem, resulting in a shifting of 
the intermediate layer and destroying valuable 
acreages of the Pittsburgh seam below. 

The Pittsburgh seam in this area is, on the aver- 
age, 102 in. thick. About 18 in. of low-quality head 
coal are left for roof protection as it is mined. Im- 
mediately over the coal are two draw slates, two 
rider seams, and a good hard black shale, locally 
called black rock, which serves as a permanent roof 
where draw slates and riders are taken down on 
certain main haulroads. In most areas mined in 
this seam in the past the bottom has been satis- 
factory but soft. However, in areas now being mined 
by the Christopher Coal Co. in Monongalia County 
the bottom is very hard and unyielding. 

The Sewickley seam, lying 85 ft above the Pitts- 
burgh, will average nearly 70 in. in thickness and is 
overlain by massive shales and sandstones. Much of 
the seam is mined only down to the “sheep skin,” 
a hard band about 4 in. above the bottom, which is 
composed of relatively hard shale. Fig. 1 shows a 
typical cross-section through the Pittsburgh and 
Sewickley seams in the area being discussed. The 
thin Redstone seam is not deep-mined but is stripped 
in some locations where it outcrops. 

Most of the Sewickley seam in the Morgantown 
areas has been mined out from 10 to 30 years. There 
are at present only two large mines and five or six 
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conditions are described in this paper. 7 


others of small production operating in that seam. 
Mining systems in the past were generally ofthe 
room and pillar type with some full pillar extraction. 
This seam in the Scott’s Run area was operated by 
as many as thirty or forty different companies at 
one time, during an era beset with strikes, market 
failures, and depressions. Most of the barrier pillars 
along the many main haulroads were abandoned, 
and blocks of Sewickley coal that would be fully 
recovered with today’s machinery were left un- 
mined when conditions became anything less than 
favorable. Consequently the mined-out Sewickley 
is spotted throughout with solid blocks varying in 
size from 100x100 ft to 200x400 ft and larger. It is 
these unmined Sewickley blocks surrounded by 
worked-out portions that have caused transmissions 
of roof stresses to underlying Pittsburgh mining 
areas, see Fig. 2, resulting in untold difficulty. 

As the Christopher Coal Co. operates both the 
Pittsburgh and Sewickley seams, accurate maps of 
workings in both seams are readily available and 
are regularly consulted. The first Pittsburgh squeeze 
attributed to overlying Sewickley blocks occurred in 
the Arkwright mine, where a shuttle car crew was 
developing a section consisting of seven panel head- 
ings. These entries were being driven in solid coal 
3400 ft from the nearest worked-out Pittsburgh 
area. As mining advanced it was noticed that certain 
ribs began to slough and certain areas to show signs 

F. R ZACHAR, Member AIME, is General Superintendent with 
the Christopher Coal Co., Pursglove, W. Va. 

Discussion on this poper, TP 3335F, may be sent (2 copies) to 
AIME before Aug. 31, 1952. Manuscript, Feb. 15, 1952. New York 
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Fig. 1—A typical cross-section showing strata overlying the Pittsburgh coal. Fig. 2—Overburden load trans- 
mission to the Pittsburgh seam through unmined Sewickley blocks. 
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of roof breaks along the ribs. Finally, when the sec- 
tion had been developed to the extent shown in Fig. 
3, it was necessarily abandoned and all material 
and equipment removed because the return air 
courses could not be kept open. Examination of an 
overlay map showing both Pittsburgh and Sewickley 
seams illustrated with remarkable clarity that the 
squeeze areas in the Pittsburgh were directly under 
large blocks left unmined in the Sewickley. This is 
revealed in Fig. 3, where crosshatched lines show 
squeezed ribs and dotted lines indicate the blocks 
remaining in the Sewickley seam. 

The sketch in Fig. 2 shows what the writer and 
others believe was the cause of the squeeze. It is 
their contention that the overburden load pushes 
the Sewickley block down into its soft bottom. This 
soft bottom heaves; consequently the ribs of the 
block do not crush. The load is transmitted through 
the interval strata to the Pittsburgh below. The 
Pittsburgh bottom in this area is extremely hard, 
and inasmuch as it does not crack and heave, the 
ribs crush and break and the roof breaks over them, 
as shown in Fig. 2. It is thought that the extremely 
hard Pittsburgh bottom is altogether responsible for 
the rib and roof failures in that seam where work- 
ings pass under unmined blocks in the Sewickley. 

Depth of Sewickley overburden plays an impor- 
tant part in these squeezes. Where the Sewickley 
cover varied from 50 to 200 ft little difficulty has 
been encountered in the Pittsburgh seam under the 
remaining Sewickley blocks. Where Sewickley cover 
is in excess of 200 ft, however, squeezes can be ex- 
pected, and where the cover exceeds 300 ft diffi- 
culties are almost certain in the Pittsburgh seam 
under the blocks described. 

Another group of headings in the Arkwright mine 
reacted to the overlying Sewickley blocks in much 
the same way as those described above. These head- 
ings were very difficult to mine where they passed 
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Fig. 3—Squeezed Pittsburgh headings under Sewickley blocks. 
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Fig. 4—Squeezed Pittsburgh headings under Sewickley blocks. 


under the blocks, but when they were turned to go 
between rows of overlying blocks they became nor- 
mal and profitable to develop and retreat. In Fig. 4 
these headings may be seen, together with over- 
lying Sewickley blocks. Here again the crosshatched 
lines represent the squeeze areas. It was not possible 
to split the blocks back beyond those shown. Roof 
failure caused by squeezed ribs is illustrated by Fig. 
5 and the manner in which the ribs crush by Fig. 6, 
a photograph of a corner in the Pittsburgh headings 
that lie directly under a large Sewickley block. 
These two photographs were taken in the now 
abandoned headings in solid coal shown in Fig. 3. 

Difficulties in keeping haulways open where they 
pass under these overlying solid blocks can best be 
shown by the cribbing, see Fig. 7, necessary to main- 
tain the haulway of the section, shown in Fig. 4, 
developing solid acreage 3000 ft from the nearest 
worked-out Pittsburgh area. The entry was driven 
16 ft wide and all crosscut intersections were roof- 
bolted with conventional timbers on 4-ft centers 
between crosscuts. Rib spalling became so severe 
that in places the entry widened itself to nearly 24 
ft. The cribbing shown was necessary to sustain 
the ribs and to provide cross timber supports. Note 
how the 6-in. steel H beams are bowed and the 
wooden beams broken. The steel beams were placed 
when it became apparent that the squeeze was 
threatening the entry. 

Roof bolting has proved helpful in postponing 
final caving of headings under these conditions but 
has stopped neither the final cave nor the squeeze. 
The entries shown in Fig. 3 were completely roof- 
bolted with six bolts anchored securely in the black 
rock to the cut. As the rib failures increased the 
places widened, and after widening to around 22 
ft the black rock sheared at the ribs, causing the 
entire place to fall and bringing the roof bolts down 
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Fig. 5 (Above!—Rib failure on @ corner of the Arkwright mine. Fig. 6 (Lower left)—An example of roof failure in the Arkwright 
mine. Fig. 7 (Lower right)—Cribbing installed in the Arkwright mine to protect the West haulway. 
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Fig. 8—Squeeze orea in Osage mine with overlying Sewickley. 


at the same time. Roof bolting does have the ad- 
vantage, however, of giving mine management more 
time to install cribs or steel beams, whereas ordinary 
wood crossbars take the weight so rapidly that they 
sag and it is difficult or impossible to work under 
them. 

The Osage mine of the Christopher Coal Co. is 
adjacent to the Arkwright mine, and its develop- 
ment sections are in the same general area. Until 
recently it has been worked successfully under old 
Sewickley mines. The past Osage workings were in 
areas where the Pittsburgh seam bottom was soft 
and where leads transmitted from the Sewickley 
above merely caused bottom heave and hence no 
crushing of the ribs. However, Osage is now develop- 
ing an area under the old Brock mine workings 
where the Pittsburgh bottom is extremely hard. In 
an attempt to develop the main headings of the 
mine Osage was forced to abandon four headings 
and to change from off-track to track-mounted 
equipment to get these entries advanced to a de- 
sired point. 


Fig. 9—Early stage of rib foilure in the Osege mine. 
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Fig. 8 shows the Osage Main West headings and 
two large overlying blocks of Sewickley coal. The 
entries under the larger of the two blocks finally had 
to be stopped, as the squeeze condition became too 
difficult to work. It will be seen that owing to the 
same difficulty the outside air course under the 
smaller block was never driven. 

Fig. 9 shows the first stages of rib failure in this 
area of the Osage mine. This section was entirely 
roof-bolted but had to be cross-timbered to reinforce 
the bolts and finally center-posted as shown. Fig. 
10 shows later stages of rib failure with beginnings 
of roof failure on this same entry. Note how deeply 
the crushing has penetrated the rib and how the 
roof is breaking away from the bolts in the back- 
ground. This entry later fell in completely and had 
to be abandoned. 

Further examination of the cause of these 
squeezes, carried out in the Sewickley seam old 
works in the Brock mine, revealed at first hand con- 
ditions of the entries adjacent to large remaining 
blocks causing Pittsburgh seam troubles. A study 


Fig. 10—Loter stage of rib and roof failure in the Osage mine. 
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Fig. 11—Bottom heave adjacent to unmined block in the 
Brock mine, Sewickley seam. 


Fig. 12—Extreme bottom heave in the Sewickley seam ad- 
jecent to unmined block in the Brock mine. 


Fig. 13—Bottom heave in o 38-ft wide room adjacent to unmined block in the Brock mine. 


of Figs. 11-13 will prove that all disturbance due to 
overburden load has been in the soft bottom, leav- 
ing ribs and roof in sound repair. The first of these 
three photographs shows the entry at location 11 
on the map in Fig. 8. Note that the bottom has 
heaved to within 24 in. of the top of a 72-in. seam; 
observe also the absence of rib spalling and the 
excellent condition of the roof. 

Inasmuch as the squeeze in the Osage mine directly 
under this general area was the worst of its type 
encountered, conditions in the overlying Sewickley 
were thoroughly investigated, with the resulting 
photographs: Fig. 12, corresponding to location 12 in 
Fig. 8, shows extreme bottom heave to within 10 in. 
of the roof and Fig. 13 a bottom heave to within 18 
in. of the roof near the ribs. Here again it will be 
seen that no rib spalling is apparent and the roof 
shows no evidence of load. A similar examination 
was made in the Sewickley entries adjacent to the 
large standing blocks and in the area overlying the 
squeezes shown in the Arkwright mine, Fig. 4. The 
same conditions were found throughout. This further 
bears out the theory that overburden is transmitted 
through the Sewickley block and interval strata to 
the Pittsburgh; the Pittsburgh roof and ribs fail be- 
cause the hard bottom will not break, whereas the 
Sewickley bottom heave takes the load off the coal 
and roof. This was shown earlier in Fig. 2. 
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Not all Pittsburgh difficulties occur in advance 
mining under old Sewickley workings with standing 
blocks. One costly experience occurred at Booth No. 
6 mine where another company was retreat-mining 
the Sewickley directly over the Booth main haul- 
way. The Pittsburgh entries were driven on the 
face and the Sewickley was retreating a panel on 
the butts. At the point where the retreat crossed 
over the Pittsburgh, there was a Booth power and 
water discharge borehole on No. 1 heading and an 
active gas well 100 ft to the right of No. 5 heading 
and 600 ft inby the borehole. In retreating, the 
Sewickley mine left large protection areas around 
both the borehole and the gas well; when the retreat 
mining had passed beyond the gas well the Pitts- 
burgh headings below squeezed badly with rib and 
roof failures requiring extensive steel timbering and 
cribbing. No information is available as to what 
damage was done to the gas well, as it had been 
abandoned for several years. The borehole, however, 
was destroyed between the seams, and of course at 
its bottom in the Pittsburgh. Since 100 ft of solid 
coal surround the gas well where it passes through 
the Pittsburgh seam, it probably has not been dam- 
aged. Undoubtedly several other factors were in- 
volved, but it is felt that this is another instance 
in which Sewickley seam mining affected the under- 
lying Pittsburgh seam. 
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Adsorption of Sodium lon on Quartz 


by A. M. Gaudin, H. R. Spedden, and P. A. Laxen 


w= a mineral particle is fractured, bonds 
between the atoms are broken. The unsatis- 
fied forces that appear at the newly formed surface’ 
are considered to be responsible for the adsorption 
of ions at the mineral surface. A knowledge of the 
mechanism and extent of ion sorption from solution 
onto a mineral surface is of interest in the develop- 
ment of the theory of flotation.** 

Study of the adsorption of sodium from an aque- 
ous solution on quartz offers a simple approach to 
this complicated problem. The availability of a 
radioisotope as a tracer element meant that accu- 
rate data could be obtained.** 

Three main factors which appeared likely to 
affect the adsorption of sodium are: 1—concentra- 
tion of sodium in the solution, 2—concentration of 
other cations in the solution, and 3—anions present 
in the solution. 

Hydrogen and hydroxy! ions are always present 
in an aqueous solution. By controlling the pH, the 
concentration of these two ions was kept constant. 
The variation in the amount of sodium adsorbed 
with variation in sodium concentration was then 
determined under conditions standardized in regard 
to hydrogen ion. The effect of concentration of 
hydrogen ions and of other cations was also meas- 
ured. A few experiments were made to get a pre- 
liminary idea on the effect of anions. 

The active isotope of sodium was available as 
sodium nitrate. Standard sodium nitrate solutions 
were used throughout these experiments except 
when the effects of other anions were studied. 

It was found that sodium adsorption increased 
with sodium-ion concentration, but less rapidly 
than in proportion to it. Increasing hydrogen-ion 
concentration, or conversely decreasing hydroxyl- 
ion, brings about a comparatively slight decrease in 
sodium-ion adsorption. Increasing the concentra- 
tion of cations other than hydrogen or sodium de- 
creases somewhat the adsorption of sodium ion. It 
would appear as if the kind of anion is a secondary 
factor in guiding the amount of sodium ion that is 
adsorbed. 


Materials and Methods 
Quartz 


The quartz was prepared as in previous work in 
the Robert H. Richards Mineral Engineering Lab- 
oratory’ except for the refinement of using de-ion- 
ized distilled water for the final washing of the sized 
quartz, prior to drying.” To minimize the laborious 
preparation of quartz, experiments were made to 
determine whether the sodium-covered quartz 
could be washed free of sodium and re-used. The 
experiments were successful as indicated by lack of 
Na™ activity on the repurified material and by its 
characteristic sodium adsorption. 

Table I gives the spectrographic analyses of the 
quartz used. The quartz ranged from 16 to 40 mi- 
crons in size, averaging about 23 microns (micro- 
scope measurement), and had a surface of 1850 sq 
cm per g (lot I), 2210 (lot II) and 2000 (lot III) as 
determined by the Bloecher method." 
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Radioactive Sodium 
Method of Beta Counting for Adsorbed Sodium: 
Na”, the radioisotope of sodium, possesses conveni- 
ent properties.’ It has a half-life of 3 years, thus 
requiring no allowance for decay during an experi- 
ment. On decay it emits a 0.575 mev £ radiation 
and a 1.30 mev y radiation. The decay scheme is 

illustrated in the following equation: 


Boy 
Na” Ne* 
3 years 

The £ radiation is sufficiently strong to penetrate 
an end-window type of Geiger-Mueller counting 
tube. This, in turn, makes it possible to use external 
counting, a great advantage in technique. Further- 
more, it permits the assaying of solids arranged in 
infinite thickness, while assaying evaporated liquors 
on standardized planchets. 

The equipment used was standard and similar to 
that employed by Chang.” 

The original active material was 1 ml of solution 
containing 1 millicurie of Na™ as nitrate. This active 
solution was diluted to 1000 ml. Five milliliters of 
this diluted active solution was found to give a 
quartz sample a sufficiently high activity for accu- 
rate evaluation of the sodium partition in the ad- 
sorption measurements. Also, 1 ml of final solution 
gave a sufficiently high count for precision on the 
liquor analyses. 

The sodium concentration of the diluted active 
solution was 1.2 mg per liter, so that 6 mg of 
sodium for 60 ml of test solution and 12 g of 
quartz was the minimum amount used. The active 
solution was stored in a Saftepak bottle. 

Procedure for Adsorption Tests: The method con- 
sisted of agitating 12 g of quartz with 60 ml of 
solution of known sodium concentration for enough 
time to establish equilibrium between the solution 
and the quartz surface. The quartz was separated as 
completely as possible from the solution by filtering 
and centrifuging. The activity on the quartz and 
in the equilibrium solution was measured and the 
partition of the sodium was calculated from the re- 
sulting data. 

The detailed procedure for the adsorption test is 
set forth in a thesis by Laxen.” In brief, it included 
the following steps: 

1—Ascertainment of linearity between concentra- 
tion of Na™ and activity measured. 

2——Evaluation of factor to translate activity on 
solid of infinite thickness in terms of activity on an 
evaporated active film of minute thickness, on the 
various shelves of the counter shield. 

3—Taking precautions to avoid evaporation of 
water during centrifuging. 


A. M. GAUDIN and H. R. SPEDDEN, Members AIME, ore Pro- 
fessor ond Assistant Professor of Mineral Engineering, respectively, 
Massechusetts Institute of Technology, Cambridge, Mass. P. A. 
LAXEN, Student Associate AIME, is now in Tronsvoel, South Africe. 
Discussion on this paper, TP 32768, may be sent (2 copies) to 
AIME before Aug. 31, 1952. Manuscript, Nov. 2, 1951. ow York 
Meeting, February 1952. 
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Fig. |—Adsorption of sodium on quortz. Curve A shows effect 
of Na” concentration at pH 10. Curve B shows effect of Na’ 
concentration at pH 6. 


4—Weighing accurately the moisture retained in 
the pores of the filter cake and deducting the activity 
due to this retained solution as well as the back- 
ground activity from the gross activity observed, so 
as to obtain the net activity of the coated mineral. 


Experimental Results 

Attainment of Equilibrium: Three adsorption tests 
were conducted in which the only variable was the 
time of agitation. The tests were run for 1, 2, and 3 
hr. The results obtained are summarized in Table 
Il. This table shows that the amount adsorbed (col. 
4) does not differ from test to test significantly more 
than the pH (col. 2). As is shown below, the amount 
abstracted varies as the pH. If the data of col. 4 are 
corrected to the same pH (9.70) as explained further, 
these data support the conclusion that agitation for 
1 hr is sufficient for equilibrium. 

Effect of Na’ Concentration: Two series of tests 
were conducted in which the sodium-ion concentra- 
tion was varied. In one it was aimed to keep the pH 
at 10 and in the other at 6. Actually, the pH values 
of the solutions from the first series varied between 
9.4 and 10.2, while those in the second series varied 
between 5.5 and 6.1. 

The sodium concentration was varied between 
1.95 and 182 millimols per liter in the first series and 
between 0.00848 and 45.3 millimols per liter in the 
second series. Lower sodium-ion concentrations in 
the first series could not be used, as some NaOH was 
required for pH-control purposes. 

Fig. 1 presents the data in condensed fashion. The 
scales in this figure are both logarithmic. Curve A 


Table |. Spectrographic Analyses of Quartz Samples 


Abundance, Pet 


Element Leu 


0.1 to 0.01 
0.01 to 0.001 
0.01 to 0.001 
Less than 
0.001 
0.01 to 0.001 


Less than 
0.001 


* Repuritied after earlier use with Na®. 
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Table Atteinment of Equilibrium 


Mols 10°” Per 8q Cm 


Final 
pH 


covers a range of Na’ concentration of about 100- 
fold and curve B about 10,000-fold. The overall 
range in adsorption of Na* on quartz is from 10” 
to 10° mol per sq cm, or over 1000-fold. Fig. 1 
shows that the adsorption increases as the sodium- 
ion concentration, but much more slowly. In fact, in 
most ranges the sodium-ion adsorption varies about 
as the square root of the sodium-ion concentration 
in the liquor, or even less rapidly. 

Effect of pH: One series of tests was conducted in 
which the sodium concentration was kept constant 
while the pH was varied with dilute nitric acid. The 
results obtained are given in Fig. 2. The amount of 
sodium adsorbed decreases with increase of hydro- 
gen-ion concentration. 

Two additional series of tests were carried out to 
substantiate the results of Fig. 2. Qualitative sup- 
port was obtained, although the scatter in these later 
tests was greater than in the earlier set. At present 
it seems as if a straight line relationship may exist 
between the logarithm of the amount of sodium 
adsorbed and the pH of the solutions. A linear re- 
lationship had also been shown to hold between the 
amount of barium adsorbed onto a quartz surface 
and the pH of test solutions." 

Fig. 2 shows that for a tenfold increase in hy- 
droxyl-ion concentration the sodium ion adsorbed is 
increased by a factor of 1.5 only, or 50 pct. This 
correction was applied for the data in order to pre- 


Amount Sodium adsorbed, of quart: surface 


4 
Fig. 2—Effect of pH on adsorption of sodium on quortz. 
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| Na* Con- 
| | Time of centration, 
— Agitation, Mols x 10 Ob- Corrected 
ur Per Liter served te pli 8.70 
1 96 2.40 1.89 1.98 i 
2 97 2.40 1.99 1.99 
3 98 2.40 1.99 1.90 
: 
4 
| 
, 
Fat 
| 
x 
Al 0.1 to 0.01 
a Na Less than Less than A 
Me 0.1 to 0.001 0.001 
ae. cu Less than Less than 
0.001 0.001 
Fe Less than Less than 
0.001 0.001 
Ti Less than t 
fine : 
' 


i 


Final Millimols' | Mg pers 
Per Liter pH Per Liter ef Quarts 
98 2.42 0.00761 1 98 2.13 
96 20 0.00705 1398 1.67 
121 95 20 0 00622 1.23 1s 
0.257 Cs 95 20 0.00652 1.28 1.60 
133 95 2 66 0 00464 0.913 1.12 


pare curves A and B of Fig. 1 using pH 10 and pH 6 
respectively as the norms. 

Effect of the Presence of other Cations: Four tests 
were run in which varying concentrations of cesium 
or lithium nitrate were added to the test solutions. 
The test results are summarized in Table III. This 
shows that cesium and lithium displace sodium from 
the surface of quartz and that cesium is more effec- 
tive than lithium. 

Effect of Variation of the Predominant Anion 
Present: Six tests were conducted in which standard 
sodium solutions other than sodium nitrate were 
added. Solutions of sodium chloride, sodium fluoride, 
and sodium sulphate were added and the adsorption 
of sodium determined. 

The results obtained, which are summarized in 
Table IV, indicate that the anion present has some 
effect. More work is needed to evaluate it more than 
qualitatively. 

Reversibility of Adsorption: Three tests were run 
to verify the exchange between active and inactive 
sodium at the surface of quartz. 

In each test 1 liter of sodium solution was allowed 
to percolate slowly through a bed containing 12 g 
of quartz. The time allowed for percolation was 
approximately 3 hr. The solutions used in the tests 
were all of the same sodium concentration, but some 
were made active and others not. 

In the first test 1 liter of active solution was per- 
colated through the quartz bed and the activity on 
the quartz determined. In the second test 1 liter of 
active solution was followed by 1 liter of inactive 
solution and the activity remaining on the quartz 
again determined. In the final test 1 liter of in- 
active solution, then 1 liter of active solution were 
passed through the bed and the activity on the 
quartz determined. 

The results obtained from the tests are sum- 
marized in Table V. These results indicate that al- 


Table IV. Effect of Anion Present on Adsorption of Sodium 


on Quertz* 
Actual Nav Adsorbed 
Actual Actual (N Mie Por Sa Cum, 
(Na*) regram Per Sq Cm, 
Final Millimels Pers c 
Sedium Salt pH Per Liter Quarts te pH 6 
NaCl 60 0.453 0.371 0 0806 
Blank (NaNOs) 0.453 oiM 
NaC! 58 454 0.529 0.14 
Blank (NaNOs) 4s 0.248 
a 60 0.106 0.266 0.0577 
Blank (NaNOs») 0.106 0.052 
NaF 56 0.0137 0.069 0.0176 
Blank (NaNO,) 0.0137 0.013 
Na,SO, 5.6 0.106 0.212 0.055 
Blank (NaNOs) 0.106 0 052 
NasSO, 5.8 0.0138 0.065 0.0152 
Blank (NaNO,) 0.0138 0.013 


* Values read from graph of Fig. 1. 
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most complete exchange takes place on passage of | 
liter of solution through a 12-g bed in 3 hr. With 
sufficient time of contact complete reversibility of 
adsorption of active and inactive sodium appears 
certain. 

Discussion of Results 

The present-day concept of adsorption at a solid- 
liquid interface visualizes the existence of a so- 
called double layer of ions at the interface." This 
double layer is thought to be made up of an inner 
part attached to the surface and an outer diffuse 
part.” For a quartz-solution interface the { poten- 
tial is negative (—44 mv according to Freundlich). 
Likewise, for a fused-silica interface recent accurate 
measurements by Wood" give the still higher nega- 
tive potential of —177 mv. Therefore the double 
layer may be considered to consist of an inner layer 
of anions and an outer layer of cations. The cations 
are loosely held and therefore wander off into the 
solution imparting a net negative potential to the 
surface. The diffuse part extends into the solution 
and is also made up of both cations and anions. 

When a quartz particle is placed in pure water, 
hydroxyl and hydrogen ions are adsorbed onto the 
surface and into the diffuse layer.“ A dynamic 
equilibrium is established between the ions in the 
solution and those on the surface. The presence of 
other ions would alter this equilibrium, the new 
equilibrium depending upon the nature and concen- 
tration of the ions in the solution. 

The thickness and concentration of ions in the 
diffuse part varies with the concentration of the 
solution. The thickness is equal to the reciprocal of 
the Debye-Hiickel function, K, and can be calcu- 
lated from the following equation: 


1000DRT 
8=1/K= Vien 

In this equation 8 is the thickness of the diffuse 
layer in centimeters; D is the dielectric constant, 
about 80 for water at 25°C; R is the gas constant, 
8.314x10'; T is the absolute temperature in degrees 
Kelvin; e is the charge of the electron, 4.77x10” 
electrostatic units; N is the Avogadro number, 
6.02x10"; and ¢ is the ionic concentration of the 
solution in gram ions per liter or mols per liter. 

The thickness § does not represent a distance be- 
yond which there is no diffuse layer. Rather, it rep- 
resents a theoretical thickness which would give 
exactly the same electrical effect at the interface as 
actually occurs, if all the ions in the outer layer 
were maintained at the distance § from the ions in 
the inner layer. It would be necessary to select a 
double layer about 48 in thickness in order to in- 
clude in it about 98 pct of all the ions in the diffuse 
layer. 

In the experimental results presented here in 
condensed form and found in detail in the thesis by 
Laxen,’ it is shown that the filtered and centrifuged 
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abe Table Hil. Effect of Cation Additions on Adsorption of Sodium Table V. Reversibility of Adsorption ; 
Wet ret of Actvity 
tere. etivity en om pared 
Selutions Added tained by itget Standard Test 
~ Cu it g of Quarts, on Quarts 
| Ss <= Selution 1 Solution Quarts cpm: Sample 
Active None 0.3877 393 100 
1 Active Inactive 0 4054 72 183 
Inactive Active 0 3856 355 
* Counts per min. 
: 
pr 


solids contain in general about 3 pct moisture by 
weight. Since the specific surface of the quartz used 
in this work is about 2000 sq cm per g and since 3 
pct moisture may be accepted as an average value of 
the liquor content of the filter cake, it may be shown 
that the thickness of liquor film around each mineral 
particle averages 1600A. From the equation giving 
4, the thickness of the diffuse layer at the lowest 
concentration of sodium, 8.48x10* mols per liter, 
would be approximately 1000A. For more concen- 
trated solutions the diffuse layer would be thinner, 
and for the most concentrated solution it would be 
about 13A. In each test, therefore, the diffuse layer 
has been part of the solution retained to a greater 
or lesser extent by the quartz bed. The adsorbed 
sodium as measured in our experimental work has, 
therefore, been that due to the sodium absorbed at 
the surface of the quartz plus most of the excess 
sodium in the diffuse layer. 

When the suspension of quartz and solution are 
filtered and centrifuged, it is quite probable that the 
equilibrium distribution of ions between the solu- 
tion and the solid surface are disturbed somewhat. 
This is one phase of the experimental procedure 
which might well be studied further. 

For each 23.4A’ of quartz surface, there exists an 
anionic and a cationic adsorption site.” If one so- 
dium ion is assumed to be adsorbed at each cationic 
site (or one sodium ion is assumed to be adsorbable 
in the diffuse layer in apposition to each anionic site 


on the quartz), a monolayer would require 


1 
6.02x10" + 23.4x10™ 


1 
23.4x10" 
= 7.1x10” 


ions per sq cm or 


g-ions per sq cm. Inspection of Fig. 1 shows that 
adsorption equal to such a monolayer is obtained 
only at sodium-ion concentrations over 0.07 M and 
at a high pH. 

If it be assumed that sodium ions in water are 
hydrated so that the overall diameter of a sodium 
ion equals the diameter of two water molecules plus 
that of one anhydrous sodium ion, or about 7.5A, it 
is clear that a monolayer adsorbed at the quartz 
will contain fewer ions than 7.1x10 g-ions per sq 
em, since the ion size is too large to be accommo- 
dated at each site. 

On the value for the diameter of the hydrated 
sodium ion obtained by Remy” and used recently by 
Nachod and Wood,” that is 16A, each sodium ion 
would occupy approximately eight adsorption sites 
on the quartz surface. A surface concentration of 
7.9x10" g-ions of sodium per sq cm corresponds to 
a completed monolayer of sodium ions on the basis 
of the above diameter for the hydrated sodium ion. 
Even on the basis of Remy’s liberal evaluation of 
the size of the hydrated sodium ion, it is clear that 
a monolayer would be obtained only under the cir- 
cumstances of high pH or high concentration. 

Neither the Freundlich” nor the Langmuir” ad- 
sorption isotherm can be applied to fit the adsorp- 
tion isotherms in Fig. 1 over the entire range. A 
Freundlich equation can, however, be applied to the 
straight line portion of curve A giving the adsorp- 
tion from solutions at very low sodium concentra- 
tions. 

The results obtained on the addition of other ca- 
tions such as cesium and lithium to sodium solutions 
confirm those obtained by previous investigators on 
the relative magnitude of adsorption of ions onto 
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clays and other materials.."” Cesium displaced 
more sodium from the quartz than an equivalent 
concentration of lithium, agreeing with their posi- 
tions in the so-called Lyotropic Series for alkali 
metals, Cs’ > Rb’ > K’ > Na’ > Li’. This series has 
been used to represent the order of magnitude of 
adsorption of the alkali metals. The adsorption 
affinity increases with decreasing hydrated ionic 
radius. 

The amount of sodium adsorbed was shown to be 
also dependent on the anion present. With the four 
anions tested, the most sodium was adsorbed in the 
presence of fluoride ions and the order of decreas- 
ing sodium adsorption was as follows: 

F’ > SO,” > NO,’ > CY. 

The authors hope that this contribution to the 
accumulation of data regarding the adsorption of 
ions onto minerals will result in a better under- 
standing of the nature of solid-liquid interfaces so 
essential in the development of flotation theory and 
practice. 

The generous support of the Atomic Energy Com- 
mission through its Research Division is gratefully 
acknowledged. 
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The Effect of Certain Starches on 
Quartz and Hematite Suspensions 


by Strathmore R. B. Cooke, Norman F. Schulz, 


and Emert W. Lindroos 


URING the course of an investigation of the 

effects of various starch products on hematite 
and quartz in regard to their separation by flotation, 
it was found that whereas most starches flocculated 
suspensions of hematite in water, they did not floc- 
culate similar suspensions of quartz. However, a 
derivative of whole corn starch containing approxi- 
mately one tenth aminoethyl group (--CH,CH,NH,) 
per glucose unit proved to be an exception. This 
aminoethyl] starch was a very good flocculant for 
both hematite and quartz, and also possessed the 
property of depressing both minerals in cationic 
flotation tests. In view of the widespread use of 
starch as a flocculating agent of solids in tailing 
water, pulps, and for coal slimes, ore and various 
other purposes in sulphide and nonsulphide flotation, 
attention is called to the effective surface activity of 
aminoethyl starch in flocculating suspensions of the 
two minerals investigated. 


Test Materials 
The starch products employed included Globe 
Pearl starch No. 144 and fresh aminoethyl starch, 
both supplied by the Corn Products Refining Co. 
Dr. A. L. Elder* has kindly furnished a description 


-_ Director of Research, Corn Products Refining Co., Argo, nm 


of the preparation of the aminoethyl] starch: “Three 
hundred and sixty grams of powdered unmodified 
corn starch was slurried in 3 liters of water and 
stirred during gelatinization. Eighty-six grams of 
ethylenimine was added slowly during reflux which 
was continued for 4 hr. The yellow solution set to 
a-gel upon cooling. This was broken up and neu- 
tralized with HCl. The thick paste was dried on hot 
rolls. Adsorbed polyethylenimine and salts were re- 
moved from the yellowish products by washing first 
with acidified aqueous ‘60 per cent’ alcohol. The 
white product contained nitrogen corresponding to 
about one aminoethoxy group per ten glucose resi- 
dues.” Only laboratory samples of this starch deriv- 
ative have been prepared. 

The starch reagents for use in flocculation, flota- 
tion, and adsorption tests were made up by dispers- 
ing the appropriate quantities of air-dry starch in 
cold water, adding boiling water, and heating for 
30 min at 120°C under pressure. When used in ad- 
sorption tests, the starch solutions first were cleared 
of insoluble matter by centrifugation. 
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The minerals used in the various tests are listed 
in Table I. Their specific surfaces were determined 
by the air permeability method, which gave results 
reproducible to within plus or minus 3 pct. Surface 
areas obtained by krypton adsorption were greater 
than the air permeability values by a factor of 2.0 
for quartz and 62.4 for hematite. 


Starch Adsorption on Mineral Surfaces 
Starch adsorption data were obtained by agitating 
for 1 hr measured volumes of neutral starch solu- 
tions of known concentrations with weighed quan- 
tities of finely divided mineral of measured specific 
surface. The mineral then was separated from the 
pulp liquor by centrifugation and the residual starch 
content determined by chemical analysis. The ana- 
lytical procedure consisted of oxidizing the starch 
with an excess of dichromate in acid medium at 
elevated temperature and titrating the excess di- 
chromate by the ferrous ammonium sulphate—po- 
tassium permanganate method. Analytical results 
were reproducible to within less than 1 pct. 
Adsorption data obtained in unbuffered solutions 
near the neutral point are plotted in Fig. 1. The 
adsorption on either mineral was far greater for the 
aminoethyl! starch than for the Pear] starch. 


Flocculation 

The degree of flocculation was determined for a 
given pulp by measuring the time required for the 
supernatant liquid to reach a certain degree of 
clarity. This was accomplished by passing a stand- 
ard light beam through the pulp, contained in a glass 
settling tube, and measuring the time required after 
agitation ceased for the intensity of the transmitted 
beam to reach a predetermined value. Starch re- 
agent was added to each pulp in small uniform in- 
crements, and the settling time was determined after 
each such addition. Increase in pulp liquor volume 
due to the added starch reagent was ignored in these 
tests. Pulps were maintained at or near neutrality. 
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Plots of the settling time against starch content, 
see Fig. 2, show that the two starch products pro- 
duced similar results in the flocculation of hematite 
ore. Quartz suspensions were not flocculated by the 
Pearl starch but were well flocculated by the amino- 
ethyl starch derivative 

Optimum flocculation effects were observed at 
starch concentrations producing considerably less 
than a saturated adsorption coating on hematite ore. 


Table |. Characteristics of the Minerals Tested 


Mineral 


Quarts; Ottawa sand, 
leached in hot HCl, 
ground in Abbe 
pebble mill 


Hematite Ore: Hand- 
picked, high grade 
ore ground in 
sample pulverizer. 


Wash Ore Tails: 
From W. Mesabi 
Range, Minn., 
ground and de- 
slimed 


micron 


The flocculation effect of aminoethyl! starch on quartz 
continued to increase as more starch reagent was 
added, up to the volumetric limit on the apparatus 
used. 


Flotation 


Flotation tests were made on samples of iron 
wash-ore tails that were prepared by a brief grind- 
ing and a thorough desliming operation, using 0.33 
lb of quebracho per ton of ore, which removed the 
particles smaller than 13.5 microns. The sands were 
scrubbed as a pulp containing 50 pct solids with 
2.24 Ib of sulphuric acid per ton, prior to flotation. 
A 250-g Minerals Separation type of flotation cell 
with an open type impeller was used.’ A cationic 
collector, normal dodecylamine acetate (Armac 12D) 
and an aliphatic alcohol frother (B-24), were used 


HEMATITE ORE @ 
AMINDETHYL STARCH 


3 


HEMATITE ORE 
PEARL STARCH 


QUART? @ AMINOETHYL STARCH 


4 


@, STARCH ADSORBED, 
6 


Quartz | 
PEARL STARCH } 


° 


ow ons 
C,, RESIOUAL STARCH CONCENTRATION IN LIQUOR, % 


Fig. 1—Adsorption of starch products on quartz and hematite ore. 
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Fig. 2—Flocculation of mineral pulps with starch products. 


to float the quartz from the ore at a pH of from 10.8 
to 11.0, sodium hydroxide being used for pH ad- 
justment. 

Pearl starch markedly improved the iron recovery 
of the flotation process, when used in quantities up 
to 1 lb per short ton, by selectively depressing the 
hematite. With no starch, the iron recovery was 
64.1 pet, with 1 lb of starch per ton, 80.6 pct, increas- 
ing slowly to 83.5 pct with 10 lb per ton. Grade of 
concentrate was but little affected, averaging about 
53.5 pet Fe for starch additions of from 0 to 10 Ib 
per ton. 

Aminoethy! starch, at 2 lb per short ton of ore, 
almost completely inhibited flotation of all the min- 
erals present, the froth was scant, and even the 
addition of excess collector failed to improve the 
flotation. However, a good grade of concentrate 
(59.6 pet Fe) with fair recovery (74.0 pct) was 
obtained when a starvation quantity of only % lb of 
aminoethy! starch was used per ton of ore. 

These contrasting effects of Pearl and aminoethyl 
starches on the flotation of quartz from hematite ore 
were apparently a direct result of the differences 
between their adsorption characteristics. 


Summary 

An aminoethy! derivative of whole corn starch, 
unlike unaltered corn starch, was found to be an 
effective flocculant for water suspensions of finely 
ground quartz and hematite, although ordinary 
starches are not good flocculants for quartz. This 
phenomenon was traced to the fact that the pres- 
ence of the aminoethyl group enabled the starch to 
be more readily adsorbed on quartz surfaces. The 
aminoethyl starch depressed both hematite and 
quartz in cationic flotation, presumably because of 
the closure of the surfaces of both minerals to the 
collector. 
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Geologic Setting of the Copper-Nickel Prospect 
In the Duluth Gabbro Near Ely, Minnesota 


by G. M. Schwartz and D. M. Davidson 


T HE Duluth gabbro outcrops containing sulphides 
of copper, nickel, and iron are located on both 
sides of State Highway No. 1 an airline distance of 
8.5 miles southeast of Ely in northeastern Minne- 
sota. The region of known sulphide occurrences in- 
cludes parts of sections 5, T. 61 N., R. 11 W., and 
parts of sections 25, 26, 32, 33, and 34, T. 62 N., 
R. 11 W. These sections, given in Fig. 1, are all in 
Lake County, Minnesota. Part of the area, which 
lies entirely within the Superior National Forest, is 
shown on the topographic map of the Ely quadrangle. 

The original discovery was made in 1948 when a 
small pit was opened in weathered gabbro rubble 
for use on a forest access road. A shear zone had 
caused unusual decomposition in this glaciated area, 
and the resulting copper stain was noted by Fred S. 
Childers, Sr., an Ely prospector, who began search- 
ing the outcrops along the base of the intrusive. He 
was joined in further exploration by Roger V. 
Whiteside of Duluth. In the summer of 1951 a small 
diamond drill was moved into the area and a hole 
188 ft deep was drilled, passing through 11 ft of 
glacial drift into sulphide-bearing gabbro. This 
paper is a preliminary report on the geology of the 
newly discovered ore. 

The Duluth gabbro is one of the largest known 
basic intrusives and may be defined as a lopolith.’ It 
extends northeastward from the city of Duluth as 
a great crescent-shaped mass that intersects the 
shore of Lake Superior again near Hovland, 130 
miles to the northeast, see Fig. 2. The distance 
around the outside of the crescent is nearly 170 
miles. The form of the intrusive is simple at 
Duluth where it ends abruptly north of the St. Louis 
River; at the east end, however, the gabbro splits 
into two elongated, sill-like masses separated 
mainly by lava flows and characterized by minor 
irregularities. The outcrop reaches a maximum 
width in the central part where it is about 30 miles 
across, and a maximum thickness of about 50,000 ft. 
It may be significant that the sulphides occur at the 
base of the thickest part. 

The lopolith has segregated into rock types rang- 
ing from peridotite to granite. The most abundant 
types are olivine gabbro, gabbro, troctolite, anortho- 
site, and granite. Of lesser importance quantita- 
tively are peridotite, norite, pyroxenite, magnetite 
gabbro, and titaniferous magnetite. Grout estimates 
that two-thirds of the gabbro at Duluth is olivine 
gabbro. Variations in the percentages of plagio- 
clase, augite, olivine, and magnetite-ilmenite con- 
stitute the only essential differences found among 
the basic rock types. The predominant mineral is 
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plagioclase, mainly labradorite. Plagioclase and 
olivine seem to have crystallized early, and the 
olivine rich rocks, usually troctolite, are found in 
the lower part. Segregations of titaniferous mag- 
netite are abundant near the base of the gabbro 
along the eastern part and also occur far above the 
base. These have recently been described in detail 
by Grout.” Near the top, segregation has produced 
a gradation to granite, or “red rock,” as it is known 
locally. This consists of quartz, red feldspar, and 
hornblende. The red rock forms a zone with a 
maximum width of nearly 5 miles but is quantita- 
tively unimportant from Duluth northward for 35 
miles. In Cook county, where the gabbro splits, 
each of the two sill-like masses has a red rock top 
somewhat thicker in proportion to the gabbro below 
than in the main central mass. 

The intrusive ranges from coarse to medium in 
grain size and from granitoid to diabasic in texture. 
Throughout much of the Duluth gabbro in Minne- 
sota banding and foliation are well developed, as 
Grout has emphasized." The bands are mainly a re- 
sult of variation in the percentage of minerals, as in 
troctolite with alternating bands high in olivine and 
in plagioclase. A few bands may consist largely of 
one mineral, as is true of some segregations of mag- 
netite. Many of the banded rocks show a clearly 
developed parallelism of platy plagioclase crystals, 
and both banding and foliation are believed to con- 
form to the floor of the lopolith. 

Throughout its extent in Minnesota the Duluth 
gabbro dips east and south toward Lake Superior. 
It is generally believed to extend beneath Lake 
Superior and is found as a smaller mass exposed 
along the north side of the Gogebic district in Wis- 
consin and Michigan. The dip at and near the base 
ranges along most of its length from 20 to 40°, but 
at places the internal banding dips even more 
steeply. The dip of the upper part is much less, and 
if it is assumed that the flows along the north shore 
of Lake Superior are a dependable indication, it does 
not exceed 15°. 

The formations shown in Table I which are in- 
truded by the gabbro range from Keewatin to Mid- 
dle Keweenawan in age. They present a significant 
picture. At the top, the gabbro and its accompanying 
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red rock facies intrude Keweenawan lava flows and 
possibly some diabase sills throughout its length. It 
appears to be only moderately discordant. The base 
of the lopolith, however, is very different, as gabbro 
is in contact with formations ranging from Keewatin 
to Middle Keweenawan in age. A significant point 
is that the base at both ends lies at about the same 
horizon near the base of the Keweenawan flows. 
Grout’ suggests that the magma must have spread 
for the most part along an unconformity at the base 
of the Lower Keweenawan formation, which is of 
Puckwunge sandstone. 

The rocks at the contact with gabbro are recrys- 
tallized to hornfels almost regardless of the min- 
eralogical character of the original rocks.** The 
contact rock and also numerous inclusions in the 
gabbro have a sugary texture with grains averaging 
about 5 mm in diam. Where the intruded rock is 
basic in character the hornfels may closely resemble 
the gabbro except that they are always coarser- 
grained. 

As might be expected for such a large area, the 
amount of gabbro exposed varies greatly from place 
to place. At and near Duluth the exposures are 
abundant and are well shown on maps included in 
a recent report.’ North of Duluth, where the lopo- 
lith trends away from Lake Superior, glacial de- 
posits are thicker, and therefore outcrops become 
scant and are altogether lacking over a large area 
south of the Mesabi range. From the Mesabi range 
eastward, outcrops are common and sometimes 
abundant near the base, but to the south glacial 
moraines cover large areas. Eastward in Cook 
County outcrops are fairly general. Considerable 


detail will be shown on maps to accompany a report 
on that county being prepared by Dr. Frank F. Grout. 


The Copper-Nickel Rocks 

As previously noted, the sulphide-bearing gabbro 
has been found in scattered outcrops over a length 
of 5 miles. This, however, is not the first discovery 
of sulphides in the Duluth gabbro. Sporadic occur- 
rences have been noted in the past by many ge- 
ologists, and a few have been described,”* but none 
of these were extensive enough to receive serious 
consideration as possible economic deposits. 

Although much geological work has been done on 
the Duluth gabbro, the outcrops have never been 
completely mapped because large areas occur in 
heavily brush-covered wildland. No detailed work 
has been done in the vicinity of the sulphide pros- 
pects; available information is shown on Fig. 1. 

Petrography: The sulphide-bearing rock ranges 
from medium to very coarse-grained gabbro. Speci- 


mens from different outcrops over a length of 5 
miles show considerable variation in grain size and 
in mineral composition. The fine to medium-grained 
gabbro is a medium dark grey, and the coarser- 
grained varieties are a medium gray color. The 
coarsest-grained rock is practically an anorthosite 
and contains plagioclase grains up to an inch in 
length. Previous studies of the gabbro where it is 
well exposed have shown that the different varieties 
usually make up bands of varying thickness. The 
bands extend some distance along the strike of the 
gabbro mass, although some are lenticular and can- 
not be traced far. 

Examination of thin sections and polished sur- 
faces of the gabbro indicates that it contains the 
following minerals in decreasing order of abun- 
dance: labradorite, olivine, augite and hypersthene, 
magnetite-ilmenite, biotite, chalcopyrite, cubanite, 
pyrrhotite, pentlandite, apatite, and bornite. 

Thin sections of most known sulphide-bearing 
outcrops as well as samples from the diamond drill 
hole at a depth of 47 and 87 ft have been examined. 
The writers are indebted to Dr. Frank F. Grout for 
checking the interpretations. The thin sections rep- 
resent different facies of the gabbro, no two re- 
sembling each other very closely. The range is from 
feldspathic gabbro to troctolite; the approximate 
percentages of the essential minerals are shown in 
the following tabulation of thin sections. 


Plagioclase 75 75 65 65 65 55 50 
Pyroxene 5 10 : 15 20 5 25 
Olivine 15 2 30 15 10 35 15 


None of the sulphide-bearing rocks had sufficient 
orthorhombic pyroxene to warrant use of the term 
“norite,” but elsewhere norite has been observed, 
particularly by Nebel.” 

The sulphides occur in all of the silicates but are 
most abundant in plagioclase. A characteristic tex- 
ture is disseminated sulphide in plagioclase adja- 
cent to larger areas of sulphide. Many inclusions 
are somewhat elongated and arranged parallel to 
the twinning bands of the feldspar, see Fig. 3. There 
is no alteration of the feldspar associated with the 
inclusions, so that the nearly simultaneous forma- 
tion of feldspar and sulphide is indicated. The areas 
of sulphides are commonly interstitial to the sili- 
cates, especially feldspar. The dominant pyroxene 
is augite, but enstatite is almost equally abundant 
in one section, and diopside and hypersthene were 
noted in a complex intergrowth. A small amount of 
biotite characteristically occurs at or near sulphide 
areas but rarely elsewhere, see Fig. 4. The biotite 


Fig. 1—Area of known copper-nickel occurrences, Lake County, Minnesota. 
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Fig. 2—Map showing the outline of the Duluth gabbro ond 
its relation to other formations. 


replaces other silicates and is possibly deuteric. 
Some sulphide may also be classified as deuteric. 
Most grains of olivine are not altered, but some 
show attack at the edges by complex veinlets con- 
sisting of antigorite, chrysotile, and iddingsite, either 
separate or intermixed. Some olivine is cut by 
irregular stringers of magnetite with narrow borders 
of serpentine. There is a small amount of altera- 
tion of pyroxene to chlorite and in a few places to 
carbonate. One thin section shows graphic inter- 
growths of sulphides in augite, see Fig. 5. The augite 
in the intergrowth is conspicuously finer-grained 
than surrounding grains of pyroxene, some of which 
are in contact with the intergrowth. The texture 
suggests simultaneous crystallization of pyroxene 
and sulphide. 

Chalcopyrite is the most abundant sulphide in 
most specimens, but cubanite may predominate in 
some aggregates. Where the two minerals are to- 
gether they form the familiar lath-like crystal- 
lographic intergrowths that result from exsolution. 
Pentlandite and pyrrhotite occur as irregular grains 
interlocked with chalcopyrite and cubanite. A very 
small amount of bornite occurs with the other sul- 


Table |. Formations intruded by the Duluth Gabbro Range 


Formation 


Recks 


Glacial drift Moraines, glacial lake 


deposits, and outwash 


Fond du Lac beds Sandstone and shale 


Duluth gabbro, Beaver Gabbro, granite, 
Bay complex, Logan  diabase 
sills 


Keweenaw Point Basic and acidic lava 
volcanics flows. in 

arkose, sandstone and 
tuffs 
Puckwunge formation Sandstone, conglom- 
erate 


Algoman Giant's Range and Granite 


other masses 


Knife Lake time Knife Lake group Slate. graywacke, 
conglomerate and 


agglomerate 


Saganaga mass Granite 
Keewatin Soudan iron-bearing Jasper and hematite 
Metamorphosed vol- 


formation 
Ely greenstone canics and intrusives 
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phides in some polished sections. The small bornite 
areas almost invariably contain excellent exsolution 
intergrowths of chalcopyrite. More common is born- 
ite along the pseudo-tetrahedral, or tetragonal bi- 
sphenoidal, planes of chalcopyrite. 

Some polished sections reveal a few tiny veinlets 
of sulphide that are later in origin than the silicates. 
These, however, do not contradict the fact that sul- 
phide is intergrown with plagioclase without any 
evidence of having been introduced after crystal- 
lization of the plagioclase. It seems probable that 
these veinlets, like the sulphide with biotite, are 
deuteric. 

Magnetite-ilmenite is abundant in some speci- 
mens. The two minerals can be distinguished when 
a very high polish is obtained. Ilmenite occurs as 
an intergrowth in magnetite and also in the form of 
grains. 

Copper-nickel content: Results of systematic 
sampling are available only from the vertical di- 
amond drill hole drilled by Messrs. Fred S. Childers, 
Sr., and Roger V. Whiteside, who have generously 
given permission for the results to be quoted. Bed- 
rock was reached at 11 ft, core was split, and one- 
half was crushed for assay samples of 5-ft lengths 
down to 115 ft. For a core length of 104 ft the av- 
erage assay is 0.36 pct copper and 0.13 pct nickel. 
The highest grade 5-ft section from 21 to 26 ft 
assayed 1.02 pct copper and 0.21 pct nickel. The 
sludge from 115 to 124 ft, where core recovery was 
poor, assayed 0.21 pct copper and 0.10 pct nickel. 
Below 124 ft the sulphide content diminished rapidly 
and no more was found to the bottom of the hole at 
188 ft. The rock from 124 to 188 ft is rather uni- 
form, dark gray, coarse-grained feldspathic gabbro. 
An unnumbered hole was originally started about 
50 ft south of No. 1 hole but yielded little sulphide 
and was discontinued at 20 ft. 

Various samples from outcrops of the sulphide- 
bearing rock have been assayed and the results 
made available by the Minnesota Geological Survey, 
U. S. Bureau of Mines, E. J. Longyear Co., and 
Messrs. Childers and Whiteside. These show about 
the same range in copper and nickel content as the 
diamond drill hole noted above. Results of samples 
collected by the Minnesota Geological Survey at the 
seven locations shown on Fig. 1 are given in Table II. 
A sample collected at Location No. 1 by E. P. Chap- 
man of the U. S. Bureau of Mines and assayed in- 
dependently revealed 1.06 pct copper and 0.38 pct 


Fig. 3—Copper-nickel sulphides (block) in gobbro. The sili- 
cote is mainly plagioclase ond the dissemincted sulphide is 
oriented parallel to the twin bands. Thin section, plein light. 
x50. 
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Table |!. Surface Sampling of Cu-Ni Content in the Duluth Gabbro 


Ca Pet 


Lecation 


nickel. Inasmuch as the samples were collected 
after several blasts in the outcrop, this is satisfac- 
tory confirmation. A second sample collected by Mr. 
Chapman about 3 miles to the northeast, near the 
east end of the known sulphide-bearing outcrops, 
contained 1.16 pet copper and 0.21 pct nickel. 

A total of 29 grab and chip samples from about 
12 outcrops averaged 0.59 pct copper and 0.17 pct 
nickel. Although these were not systematic and 
were taken by several different men, they may be 
accepted as indicating the copper and nickel content 
in outcrops along the known belt of sulphide oc- 
currences. 

Summary 

The significant features of the occurrence of cop- 
per and nickel sulphides near the base of the gabbro 
may be briefly listed as follows: 

1—The sulphides are well disseminated through- 
out over 100 ft of rock and appear to be primary 
constituents. 

2—Widely scattered outcrops extend to a length 
of more than 5 miles not far from the base of 
the Duluth gabbro and approximately parallel to it. 

3—The Duluth lopolith is known to be well 
banded or layered throughout much of its extent, 
and it is a reasonable inference that the distribution 
of the sulphides is related to this layering near the 
base of the widest part of the intrusive. 

4—The sulphide minerals are those characteristic 
of copper-nickel deposits elsewhere. 

5—The known extent of rock that will average 1 
pet or more of combined copper and nickel is 
strictly limited, and the outcrops are too far apart 
to be considered with certainty as being connected 
by sulphide-bearing rock. The structure of the in- 
trusive, however, indicates a possibility that the 
sulphides are continuous. 

6—The location of the prospect is favorable. It is 
crossed by a paved highway and is about 8 miles 
from a railroad. As indicated by scattered outcrops, 
the glacial drift is probably thin over much of the 
area. 


Fig. 4—Sulphides (black) associated with biotite (B) which is 
probably a deuteric replacement of olivine and plagioclase 
(P). The white at lower left is balsam. Thin section, plein 
light. X30. 
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Fig. 5—Sulphides (block) intergrown in augite (A) and plagi- 

oclase (P). Thin section, plain light. X25. 

7—At present there are no dependable indications 
of the presence or absence of massive sulphides such 
as exist in the Sudbury district, but exploration 
seems warranted because of the structure of the 
Duluth gabbro, its immense size and large degree 
of segregation. Strong evidence of the syngentic 
origin of the sulphides and the considerable length 
over which they occur also indicate that there is an 
excellent geological probability of finding a com- 
mercial deposit. 

These facts, when compared with general knowl- 
edge of intrusives of the Duluth gabbro type, sug- 
gest that the place to search for extensions of the 
deposit or for similar deposits is near the base of the 
gabbro. It is possible that the base near the thick- 
est part of the intrusive is more favorable than the 
thinner ends near Duluth and in eastern Cook 
County. In any event there are areas 25 or 30 miles 
long on each side of the deposit that should be given 
careful examination. Over much of this length 
there are scattered and sometimes abundant out- 
crops of gabbro. South of the Mesabi range, how- 
ever, there is a distance of over 30 miles where not 
a single outcrop is known near the base of the 
Duluth gabbro. 
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LTHOUGH several geological indicators of the 
critical type are known, including quartz in- 
versions and decomposition of hydrous minerals 
such as serpentine, there are very few of the gen- 
eral type. Solid solutions are excepted, but the 
limitations of use are very restricted and inter- 
pretations are sometimes ambiguous. General 
methods for determining temperature and pressure 
conditions during the crystallization of minerals 
would have considerable scientific and economic 
value. 

It is not the purpose of this paper to discuss the 
various methods of geological thermometry and 
barometry, but to present one general method, ap- 
plicable to all minerals, and to describe what 
progress has been made in the methods of measure- 
ment. The general method, in brief, is a study of 
the stress conditions in and around various types of 
foreign inclusions which are trapped in minerals 
during growth. 

The method depends upon the fact that any homo- 
geneous gas, liquid, or solid will in general have co- 
efficients of thermal expansion and volume com- 
pressibility different from those of any given min- 
eral. Therefore stress must develop in and around 
all types of inclusions in minerals if the temperature 
or the pressure, or both, are changed from the con- 
ditions which prevailed during the growth of the 
mineral. The methods of measurement consist of 
determinations of the temperature-pressure condi- 
tions of fit of the inclusions in the host mineral. 

The types of inclusions in minerals are: 1—gas, or 
liquid plus vapor, when observed at room tempera- 
ture, due to crystallization under pneumatolytic 
conditions; 2—liquid, or liquid plus vapor when 
observed at room temperature, due to crystalliza- 
tion under hydrothermal conditions; 3—glassy solid, 
or devitrified glass, due to crystallization under 
magmatic or high temperature metamorphic condi- 
tions, in a siliceous liquid; and 4—crystals, due to 
overgrowth of other minerals crystallizing simul- 
taneously or of other minerals which crystallized 
previously. 

A survey of the literature shows that much valu- 
able earlier work on inclusions, especially that car- 


TRANSACTIONS AIME 


Determination of the Temperature and Pressure 
of Formation of Minerals by the 


Decrepitometric Method 


by F. Gordon Smith 


ried out in England in the last century, has dropped 
out of current knowledge. The following is a brief 
summary of the significant contributions to the 
problem up to the present day. 

Davy in 1822 asserted that fluid inclusions in min- 
erals consist of an aqueous solution of salts and a 
gas bubble, the whole being either at lower or 
higher pressure than atmospheric.‘ 

At intervals from 1823 to 1862, Brewster con- 
tributed information concerning other types of in- 
clusion consisting of 1—aqueous solution, a much 
more expansible liquid, and a gas; 2—aqueous solu- 
tion, salt crystals, and a gas; and 3—the very ex- 
pansible liquid and a gas. The very expansible 
liquid fills the gas space between 20° and 30°C. 
Compression strain effects were seen around inclu- 
sions in diamond, topaz, and other minerals.** 

Sorby in 1858 and 1869 further advanced the 
study begun by Davy, stating that fluid inclusions 
represent a sample of the mother liquor of crystal- 
lization and that the degree of filling of aqueous 
inclusions at room temperature defines the tempera- 
ture-pressure relations during formation of the host. 
The degree of filling may be measured by determin- 
ing the minimum temperature of filling of the in- 
clusion by the liquid phase. The very expansible 
liquid in some fluid inclusions is liquid carbon di- 
oxide. The temperature at which salt crystals in 
fluid inclusions completely dissolve in the fluid is 
the minimum temperature of formation. Inclusions 
of glass or devitrified glass indicate crystallization 
from a melt. Inclusions of crystals in minerals are 
often centers of strain, which may be seen by opti- 
cal effects or by radial tension cracks. Sorby re- 
alized that an analysis of stress-strain relations 
about inclusions could be used to provide precise 
data on the temperature of crystallization, but the 
matter was never pursued.”* 

Hartley (1876, 1877),°"” Hawes (1881)," Wright 
(1881)," Johnsen (1920)," and Holden (1925)” 
F. GORDON SMITH is Professor of Geology, University of Toronto. 

Discussion on this paper, TP 3338L, may be sent to AIME (2 
copies) before Aug. 31, 1952. Manuscript, April 9, 1951. St. Louis 
Meeting, February 1951. 
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Fig. 1—Decrepitation epperetus. 
4. Two-stage p 5. 


ae Heating block. 2. Sound conducting tube. 3. Crystal microphone. 
Pp . 6. Neon flash lamp to indicate ratemeter functioning. 
7. Oscilloscope. 8. Recording milli = 


temperature of furnace, which encloses heating block. 


junction of which is in the heating block. 


confirmed the presence of liquid carbon dioxide in 
many minerals, and in the years between 1901 and 
1941 Kdénigsberger,” Lindgren and Whitehead,” 
Buerger,”” Newhouse,” and Faber” established be- 
yond question the presence of salt concentrations, 
of the order of 10 to 20 pct, in the liquid of fluid in- 
clusions. Such high salt concentrations eliminate 
certain theories of ore deposition. 

Ingerson in 1947 reviewed the heating stage 
method of measuring the temperature of filling of 
fluid inclusions and produced charts showing the 
deposition temperature and the deposition pressure.” 
These charts were modified in 1950 by Kennedy,” ” 
who restudied the pressure-volume-temperature re- 
lations of water. 

In recent years H. S. Scott,” F. Gordon Smith,” 
and P. A. Peach” have found that the temperature 
of filling of fluid inclusions can be detected by re- 
cording the beginning of decrepitation during heat- 
ing. 


Two-Phase Fluid Inclusions 
The minimum temperature of filling of two-phase 
fluid inclusions by the liquid phase is the minimum 
temperature of deposition of the host, and the vapor 
pressure at that temperature is the minimum pres- 


sure of deposition. Both values are subject to a 
small correction because of the thermal expansion 
and compressibility of the host, but Ingerson™ has 
shown that this correction can be neglected. 

In general, the temperature-pressure relations 
within fluid inclusions above the temperature of 
filling are not known, because 1—the composition 
of the fluid is not known in each case, and 2—no 
data are available on the solutions which have ge- 
ological importance in this respect, i.e, aqueous 
solutions of salts and carbon dioxide. However, it 
is assumed as a first approximation that the tem- 
perature-pressure relations on the liquid side of the 
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fiducial! marker. 10. Variac to control 
11. Cold junction of thermocouple, the hot 


vapor pressure curve are the same as for water, 
these data being known with some exactness. Con- 
sequently, the temperature of filling defines the 
approximate temperature-pressure relations during 
deposition of the host. 

Determinations of temperature of filling may be 
made by heating while observing under the micro- 
scope. The newer method is to heat small frag- 
ments and record the temperature at which the rate 
of decrepitation increases abruptly. This method 
was developed at the University of Toronto in three 
main stages. The first technique consisted of heat- 
ing the powdered mineral while listening with a 
stethoscope arrangements.” A modification of this 
technique was microphonic detection and amplifica- 
tion before the earphones. The second change was 
incorporation of an electronic calculator instead of 
the human brain to determine the discontinuity of 
rate of decrepitation.”” Several different types of 
heating blocks were designed and discarded for vari- 
ous reasons. The present design, consisting of a 
cylinder of inconel with a flattened termination to 
hold the sample, is satisfactory. This allows good 
sound coupling to the microphone, sound insulation 
from outside, and rapid cooling after each run. At 
this stage, temperature fiducial marks were made 
by a recorder watching a temperature indicator. 
This was replaced by an electronic temperature 
fiducial marker which puts 20°C pips on the rec- 
ord. In this way the heating rate and the decrepita- 
tion rate are recorded simultaneously. The circuit 
and other details of the apparatus are now being 
prepared for publication. The apparatus is shown 
in Fig. 1. 

The calibration of the apparatus is based on an 
empirical method. A mineral which gives a sharply 
defined beginning of decrepitation is heated at sev- 
eral different rates, and the recorded temperatures 
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of beginning are plotted against the heating rate 
and projected to zero rate of heating. Some of the 
same preparation is preheated to a temperature in 
excess of that at the start of decrepitation and the 
sequence of runs is repeated with this material. By 
selection of different specimens, the entire working 
range of temperature and heating rate is covered, 
for one grain size of one mineral. This has been 
determined for quartz, —40+80 mesh, as a standard, 
see Fig. 2. 

As a control over interpretation of decrepigraphs, 
it is current practice to observe the degree of filling 
of two-phase inclusions in polished thin sections of 
transparent minerals and to estimate the approxi- 
mate temperature of filling. A chart has been pre- 
pared to aid in this estimation, see Fig. 3, when it 
is determined that the liquid phase is aqueous. The 
estimated temperature of filling and the decrepita- 
tion temperature generally agree within 50°C, in 
the case of both primary and secondary inclusions. 
Several hundred determinations of this kind, on 16 
different mineral species, have shown that the 
measured decrepitation is due to the filling of the 
fluid inclusions, and that there is probably no sig- 
nificant overshoot correction.* * 


Three-Phase Fluid Inclusions 

Some attempts have been made in the past to use 
three-phase fluid inclusions as thermometers and 
barometers (Johnsen, 1920, and Holden, 1925) but 
there are many uncertainties. The method depends 
upon finding, in the one mineral, inclusions of liquid 
carbon dioxide and gas and also of water and gas 
and then determining the temperature and pressure, 
by calculation, from the respective degrees of filling. 
This method has merits if it can be made quantita- 
tive. 

It appears to be fairly common, in so-called high 
temperature minerals, that the three-phase inclu- 
sions have a variable water-carbon dioxide ratio, as 
if the two were immiscible at the time of deposition. 
Therefore, while most of the inclusions are of three 
phases, some are essentially of the two types of two 
phases, i.e, water and vapor and carbon dioxide 
and vapor. The unknown factors are the mutual 
solubilities of fluid water and carbon dioxide as 
functions of temperature and pressure. Until this 
system is studied under geologically important con- 
ditions, the method cannot be used, but it is a fertile 
field for investigation. 


Saline Inclusions 

Two-phase inclusions frequently contain crystals 
of various salts. Generally these are isotropic cubes, 
probably of sodium chloride, but sometimes they 
are elongated anisotropic crystals, possibly gypsum. 
In any case, they appear to have been deposited from 
the trapped fluid during cooling, because the ratio 
of salt crystal to fluid is visibly constant, inde- 
pendent of size of inclusion. On warming, the cubic 
crystals dissolve in the fluid, and the minimum tem- 
perature of disappearance is the minimum tempera- 
ture of deposition. 

In most cases, the salts dissolve in the liquid phase 
before it fills the inclusion. Occasionally they re- 
main, and the temperature of disappearance pro- 
vides new data. The salt disappearance tempera- 
ture and the bubble disappearance temperature 
taken together give a minimum pressure of deposi- 
tion. 

This method has not been used very much since 
it was described by Sorby in 1858." Lindgren and 
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Whitehead used it in one case,” but the calculation 
method was challenged by Bowen some 14 years 
later.” 

In general the method is not very useful, since 
only temperature and pressure minima are deter- 
mir red. 


Glass Inclusions 

A very interesting type of inclusion described by 
Sorby’ could be used as an exact thermometer. The 
inclusions are of glass and/or devitrified glass in 
minerals which crystallized from siliceous melts. 
Such inclusions have a multitude of gas vacuoles 
within the glass or between the minute crystals. 
The method of measurement would consist of ob- 
serving devitrified glass inclusions, and determin- 
ing the temperature at which they become one 
phase. 

Since glasses in general have a greater coefficient 
of thermal expansion than the corresponding denser 
crystals, it will be apparent that if the mineral is 
heated above the temperature at which the glass 
inclusion is one phase, the pressure on the glass 
should abruptly increase, thus causing decrepita- 
tion of the mineral. 

The effect of pressure at the time of deposition 
has not been calculated; this requires a knowledge 
of the thermal expansion and compressibility of the 
glass as well as the host mineral. However, a first 
approximation calculation shows that the pressure 
correction probably is positive. That is, if the glass 
fits in the space of the inclusion at a determinable 
temperature at room pressure, it would fit in the 
space at a somewhat higher temperature at a higher 
pressure. 

Glass and devitrified glass inclusions were seen 
by Sorby’ in feldspar and augite in pitchstone and 
greenstone, and in leucite and augite in basalt. 

The study of inclusions offers a method of dis- 
criminating between minerals which crystallized 
from a siliceous melt and those which crystallized 
from a hydrothermal solution. In the case of certain 
pegmatites this is now a question for debate, but the 
types of inclusions may be used in settling the 
problem. 

Crystal Inclusions 

During growth, crystals frequently include others 
which either grew on the growing faces and were 
covered or were enveloped from the matrix by a 
growing face. The first type is usually oriented, the 
second, unoriented. When the temperature and 
pressure fall to those at the surface of the earth, a 
misfit of the crystal inclusions develops, and this 
provides not only a very interesting type of ther- 
mometer but also a barometer. 

Neglecting the effect of pressure, the tempera- 
ture, volume, and stress relations in inclusions can 
be treated very simply, see Fig. 4. Two types of 
inclusions may be imagined, one type with a thermal 
expansion greater, and the other less than that of 
the host. The misfit during cooling to surface condi- 
tions develops tension and compression effects, re- 
spectively. Brewster** and Sorby" noted effects 
arising from compression in diamonds and other 
minerals. Possibly some of the cracking of minerals, 
even those in vugs, may be due to this effect. 

The effect of heating a mineral with the two types 
of crystal inclusions is to relieve the stress in and 
around both types, up to the temperature of forma- 
tion. Above this temperature, both compression and 
tension effects begin again, in opposite sense, and 
the compression type may cause decrepitation. 
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Fig. 2—-Heating rate correction curves for decrepitation of quartz. 
Correction: (— 40 + 80 mesh). 


Several tests have been made of this relationship. 
For example, a number of specimens of garnet meta- 
crysts were heated in the decrepitation apparatus. 
A stage of decrepitation beginning between 590° 
and 660°C was found in every case, and those with 
abundant solid inclusions gave much more vigorous 
decrepitation than those transparent types with 
only a few solid inclusions.* Similar results have 

* Since this was written the common varieties of garnet have 
been studied in more detail, and the results are now in press 
(American Mineralogist) 


been obtained using ‘cordierite a and kyanite meta- 
crysts. This work is continuing, and the results so 
far obtained indicate the possibility of general use 
of the method for the metamorphic minerals. 

The effect of pressure during crystallization is not 
negligible in the case of crystal inclusions, but the 
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Fig. 4—Schematic diagram showing relations between temperature, 
volume, and compression and tension of solid inclusions in a mineral. 


data for quantitative calculations are limited. For 
most mineral pairs, the temperature correction ap- 
pears to be positive, and of the order of 10° to 20° 
per 1000 atm. At present all of the data of thermal 
expansion and compressibility of minerals are being 
compiled. 

Another defect in the data is that while there is, 
for some minerals, information on the volume-tem- 
perature relations at one atmosphere, and volume- 
pressure relations at temperatures below 100°C, 
there is almost none on the volume-temperature- 
pressure relations over a geologically important 
range. 

A first approximation may be made by assuming 
that the ratio of thermal expansion to compressi- 
bility remains constant if the volume remains con- 
stant, no matter what the temperature and pressure. 
On this basis, a start has been made in preparing 
approximate pressure-volume-temperature charts 
for some of the common minerals. 

By superimposing two such charts, one can de- 
termine the curve of fit, if the fit can be determined 
at atmospheric pressure. Very much more work 
has to be done in this field, and probably the body 
of existing physical data of minerals will have to 
be increased. 

Even though the quantitative aspects of the prob- 
lem are not fully developed for use, there is now 
abundant evidence that most minerals begin to de- 
crepitate at temperatures above those at which the 
fluid inclusions are filled. Characteristically, hydro- 
thermal minerals give two stages of decrepitation, 
one due to filling of fluid inclusions and one due to 
an unknown cause. This has been recorded in sev- 
eral hundred cases, and in 28 mineral species. 
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Other pertinent facts are: 1—If early minerals 
decrepitate, because of fluid inclusions, at higher 
temperatures than late minerals in any one deposit, 
the anomalous decrepitation temperatures also are 
different, in the same sense, and are of the same 
magnitude. 2—Minerals with no visible solid inclu- 
sions do not give the anomalous decrepitation. 3— 
Through selection of grain size of a mineral, either 
the fluid inclusion decrepitation or the anomalous 
decrepitation may be accentuated at the expense of 
the other; it is more frequently found that fluid in- 
clusion decrepitation is destroyed first when pro- 
gressively finer grain sizes are used, but the reverse 
has been found occasionally. 


Calculations Using Decrepitation Data 
Ideally, if the temperature of filling of fluid in- 
clusions and the temperature of fit of solid inclu- 
sions can be measured, and exact data are available 
concerning the pressure-volume-temperature rela- 
tions of the homogeneous fluid, the solid inclusions, 
and the host mineral, then the temperature and 
pressure of formation of the mineral can be deter- 
mined. There appear to be no limits of accuracy of 
the results other than the experimental. 

Of course, it is necessary to be certain that fluids 
have neither entered nor left the fluid inclusions 
since the formation of the host, and similarly this 
applies to solid inclusions. While the body of data 
on fluid inclusions points to no communication be- 
tween the inclusions and the boundaries of the host, 
and this isolation within the crystal structure 
framework of the host is generally considered to be 
reasonable, it was postulated by Kennedy in 1950 
that fluids may enter and leave inclusions depend- 
ing on the pressure differential. Until this can be 
conclusively demonstrated, it will be assumed that, 
although some fluid inclusions may leak because of 
cracks caused by deformation, those not so tapped 
retain the original density and composition. Simi- 
larly, unless solid diffusion can be demonstrated to 
have modified the amount of solid inclusions, these 
will be assumed not to have been altered in mass. 

There is good evidence from fluid inclusions that 
they do not leak. For example, it is commonly 
found that primary inclusions in vein quartz contain 
liquid carbon dioxide as well as water and a gas 
bubble, but the secondary inclusions contain a salt 
crystal, water, and a very much smaller gas bubble. 
If the latter were derived from the former, carbon 
dioxide must have been removed and salt added. 
The two types of inclusions may be seen to lie only 
a few microns apart within the host crystal. 

Large variations in degree of filling of fluid in- 
clusions have been discovered in single crystals of 
fluorite by Twenhofel." This has been confirmed at 
the University of Toronto in the case of fluorite from 
Rosiclare. It has been found that there is a sub- 
stantially lower temperature of decrepitation due 
to fluid inclusions in the later ruby blende than in 
the earlier brown sphalerite of the Tri-State region. 
Also, a sequence of decrepitation temperature over 
a range of about 50°C is typical of crustiform zinc 
ore from Wisconsin. Such systematic variations do 
not suggest that there has been leakage of fluids into 
or out of inclusions. 

To date, most of the temperature-pressure cal- 
culations made at the University of Toronto have 
been based on decrepitation data. These fall into 
four classes, as follows: 
1—The pressure during deposition is assumed to 
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be constant and the variation of temperature of 
fluid inclusion decrepitation is taken to mean varia- 
tion of temperature during deposition. The quanti- 
tative variation is obtained by the intersection of 
iso-volume curves and a probable geothermal gra- 
dient at the time of deposition. This method may be 
justified in the case of deposits such as in the 
Mississippi Valley, which frequently show the se- 
quence of deposition by textures of progressive 
encrustation. 

2—The temperature during one stage of deposi- 
tion is assumed to be constant and the variation of 
fluid inclusion decrepitation temperature is taken 
to mean variation of pressure during deposition. 
The assumption of temperature constancy has been 
partially verified using the pyrite geothermometer”™ 
in a few cases. This method seems to be useful in 
the gold quartz veins of the Canadian Shield, 
especially with regard to the latest low tempera- 
ture stage of mineralization. 

3—The temperature of deposition of pyrite as 
given by the thermo-electric results is combined 
with pyrite decrepitation results to give the pres- 
sure of deposition of the pyrite. This pressure is 
then assumed to be constant during deposition of 
the other minerals, which allows conversion of the 
decrepitation temperatures to deposition tempera- 
tures. In 1951 this method was used by Peach in 
the study of a pegmatite assemblage. 

4—The anomalous decrepitation is assumed to 
give the temperature of deposition. Therefore when 
fluid inclusion decrepitation temperatures and ano- 
malous decrepitation temperatures are combined, 
the pressure during deposition can be calculated. 
This method is being tested in several ways, one be- 
ing synthesis of quartz, barite, and other minerals at 
known temperatures and pressures. The results are 
not yet conclusive. 


Possible Uses of Temperature-Pressure Data 

At present, mineral deposits are said to be of high, 
medium, or low temperature type depending on the 
occurrence, or absence, of certain minerals. This 
scheme of classification, developed by Lindgren and 
others, is not on a factual basis, because it has never 
been shown that the critical minerals are deposited 
in nature in restricted temperature ranges, and no 
reliable thermometric methods were used to estab- 
lish the limits. In other words, the present scheme 
is a speculation rather than a reliable theory. As 
methods of geothermometry are devised and re- 
fined, the temperature classification of ore deposits, 
if such a classification is possible, will be made more 
factual, but a more important contribution will be 
a better understanding of the origin of ore deposits. 
Temperature-pressure measurements should aid 
very greatly in determining the controls of ore de- 
position in veins. For example, it would be useful 
to know whether a fall of temperature or of pressure 
is more effective in depositing the various minerals. 
Some quantitative data on the possible effect of 
these two variables on the solubility of silica in 
water were reported by Kennedy." In this system, 
at high temperature, pressure is the major variable. 
Another use of temperature-pressure data will be 
in determining the zoning of a system of veins, by 
relating the temperature and pressure changes dur- 
ing deposition of any one mineral, in three dimen- 
sions. Such relations will show the direction of flow 
of the mineralizing solutions, and the structural 
control over the flow of the solutions. This may 
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ultimately lead to exact predictions of depth of ore 
in any vein belonging to one system of mineraliza- 
tion. 

The details of mineral paragenesis in complex 
ores could be resolved by exact temperature-pres- 
sure data. The order of deposition, degree of over- 
lap, gaps in the sequence, and other factors could be 
determined without the use of the present sub- 
jective methods 

It would be of theoretical interest and perhaps 
also of some practical value to determine the genetic 
relations between pegmatites and hydrothermal 
veins. They are usually considered to be either 
sequential or parallel expressions of igneous ac- 
tivity. There are some mineralogical data suggest- 
ing a parallel history, such as both high and low 
temperature of filling of fluid inclusions in both 
pegmatite and vein minerals, but the whole matter 
must be restudied in detail. 

The present controversy over the origin of granite 
could be settled if enough data on temperature of 
formation of igneous minerals were available. 
Probably the decrepitation method would detect the 
temperature above which misfit of solid inclusions 
occurs in igneous and metamorphic minerals. The 
shape of the resultant temperature profiles across 
granite bodies might discriminate between injection 
of a magma and metasomatic processes. The quan- 
titative relations in the case of intrusion show that 
if the profile of maximum temperature in the in- 
truded rock can be determined, then the tempera- 
ture of the intruded rock and the thickness and 
temperature of the intrusive can be calculated. 

Related to this is the possibility of detecting un- 
exposed cupolas of intrusives in a metamorphic 
terrain by contouring the temperature of crystal- 
lization of one or more minerals. 

In conclusion, a quotation from the writings of 
Sorby would be to the point: “I argue that there is 
no necessary connection between the size of an ob- 
ject and the value of a fact, and that, though the 
objects I have described are minute, the conclusions 
to be derived from the facts are great.’” 
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Reinartz Heads 1953 
AIME Nominatio 


LEO F. REINARTZ 

For President-Elect 

Leo F. Reinartz has been nominated 
for the Presidency of AIME in 1954. 
Mr. Reinartz is now vice-president, 
special operating development, Arm- 
co Steel Corp. He was born in East 
Liverpool, Ohio, and graduated from 
the Carnegie Institute of Technology 
as metallurgical engineer. He joined 
Armco in 1909 as a chemist and then 
became open hearth foreman; assist- 
ant superintendent, open hearth 
dept.; superintendent, open hearth 
dept.; assistant general superinten- 
dent; works manager, East works; 
manager, Middletown div.; and as- 
sistant vice-president, successively. 
Mr. Reinartz has been active in many 
technical societies and delivered pa- 
pers before several. He has been the 
recipient of the Alumni Award from 
Carnegie and holds life honorary 
membership in the AIME National 
Open Hearth Conference. One of the 
organizers of the National Open 
Hearth Conference, Mr. Reinartz was 
Chairman, Executive Committee 
(1927 to 1946) and is presently Chair- 
man of its Finance Committee. In 
October 1951 he was an American 
Conferee at the First World Metal- 
lurgical Congress held in Detroit. An 
AIME member since 1925, Mr. Rein- 
artz has been active on numerous 
committees of the Institute. 


ns Slate 


For Vice-Presidents 


Augustus B. Kinzel has been nom- 
inated as a Vice-President and Direc- 
tor of AIME. Dr. Kinzel graduated 
from Columbia University in 1919 
(A.B.); from Massachusetts Institute 
of Technology in 1921 (B.S. in gen- 
eral engineering); and in 1922 re- 
ceived a D.Met.Ing. from the Univer- 
sity of Nancy where he also received 
the degree of Doctor of Science. Dr. 
Kinzel has been associated with vari- 
ous metallurgical units of Union 
Carbide & Carbon Corp. since 1926 
and was chief metallurgist of its lab- 
oratories from 1931 until he assumed 
the presidency of the research lab- 
oratories in 1947. He is a member of 
various government committees and 
is widely known as a lecturer. He 
was the AIME Howe Memorial Lec- 
turer for 1952. 


A 
L. ELKINS 


Lioyd E. Elkins, production research 
director, Stanolind Oil & Gas Co., has 
been nominated as a Vice-President 
and Director, AIME. Born at Golden, 
Colo. in 1912, he received his degree 
in petroleum production engineering 
from the Colorado School of Mines. 
Following graduation he was em- 
ployed by the Stanolind Oil & Gas 
Co. at Wink, Texas, and has risen 
steadily during his years with the 
company. In 1948 Mr. Elkins was se- 
lected to attend the advanced man- 
agement program at the Harvard 
Graduate School of Business Admin- 
istration. He has been active in the 
Petroleum Branch of AIME as Chair- 
man, Mid-Continent Section (1945); 


A. B. KINZEL 


[Tin news 


John R. Suman, Chairman of 
the Nominating Committee, has 
announced nominations for 
President - elect, Vice - Presi- 
dents, and Directors for 1953. 
As provided in Art. IX, Sec. 2, 
of the bylaws, 25 members or 
associate members may sign 
and transmit to the Secretary's 
office prior to Sept. 1 “any com- 
plete or partial ticket of nomi- 
nees,” should they wish other 
candidates to be considered. 

In such instance, a letter bal- 
lot will be forwarded to all 
members in good standing in 
the United States, Canada, and 
Mexico, tabulating both the 
official ballot and any supple- 
mentary nominations. If no 
supplementary nominations are 
thus received, no letter ballot 
will be printed, and nominees 
on the official ballot shall be 
declared duly elected at the 
meeting of the Board of Direc- 
tors or the Executive Commit- 
tee in November. 


Vice-Chairman, Petroleum Div. 
(1947); and Chairman, Petroleum 
Branch (1949). In addition to being 
an AIME member, Mr. Elkins be- 
longs to the API, Engineers’ Club of 
Tulsa (president, 1950 to 1951), Petro- 
leum Club of Tulsa, and American 
Assn. of Petroleum Geologists. 


For Directors 


Philip D. Wilson has been nominated 
Director of AIME for a three year 
term beginning February 1953. Mr. 
Wilson has previously served as 
Chairman of the New York Section 
(1950) and is also a Council Delegate, 
New York Section. Mr. Wilson grad- 
uated from Princeton University in 
1909 (B.S.) and Columbia University 
School of Mines in 1911 (E.M.). He 
was employed by various mining 
companies and in 1914 joined the 
Calumet & Arizona Mining Co. as 
chief geologist. He later joined The 
American Metal Co., Ltd., working 
in South America, South Africa, 
Europe, Cuba, Mexico, and New York 
City. He was also general manager 
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of the subsidiaries in Chile and South 
Africa. From 1934 to 1942 Mr. Wilson 
was vice-president of Pardners Mines 
Corp. In 1946 he joined Lehman Bros. 
and Lehman Mining Corp. Presently 
he is consulting mining engineer for 
this firm. Mr. Wilson is a member of 
various technical societies, and of 
several honorary societies. 


P. D. WILSON H. W. JOHNSON 


Hjalmar W. Johnson, vice-president, 
Inland Steel Co., has been nominated 
as a Director of AIME for three 
years. He was a Director in 1950 
and 1951 and served as Chairman of 
the Chicago Section in 1942. Born at 
Joliet, ILL, Mr. Johnson is a graduate 
of the University of Illinois (B.S.). 
He was employed by the Illinois 
Steel Co. at Joliet and later was blast 
furnace foreman for U.S. Steel Corp. 
In 1929 he joined Inland as assistant 
superintendent of blast furnaces. In 
1930 he was promoted to superin- 
tendent of blast furnaces, and in 1942 
became assistant general superin- 


tendent. Mr. Johnson was appointed 
staff assistant to the president in 1946 
and three years later was appointed 
to his present position. Mr. Johnson 


received the J. E. Johnson, Jr. 
(AIME) award in 1933 and the 
American Iron and Steel Institute 
Medal in 1941. 


OLIVER E. H. ISERN 


Edwin Letts Oliver, president of 
Oliver United Filters, Inc., has been 
nominated to serve as an AIME 
Director from 1953 to 1956. He is a 
Life Member of AIME and member 
of the Legion of Honor (class of 1902). 
Dr. Oliver was born in San Francisco. 
He graduated from the University of 
California in 1900. In 1903 he became 
surveyor and later metallurgist on 
the staff of the North Star Mines Co., 
Grass Valley, Calif. He patented a 
continuous automatic filter for use 
in the cyanide process and in 1910 
opened an office under the name of 
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Oliver Continuous Filter Co. In 1928 
Oliver United Filters, Inc. was formed 
by consolidation with United Filters 
Corp. Dr. Oliver was Chairman of 
the James Douglas Gold Medal Com- 
mittee in 1944. In 1945 he received 
the honorary degree of Doctor of 
Laws from the University of Cali- 
fornia. He is a member of professional 
societies both here and abroad, and 
holds numerous patents in connec- 
tion with filtration equipment. 


Elmer Henry Isern has been nomi- 
nated as an AIME Director for a term 
from 1953 to 1956. He is a former 
member of the Milling Methods 
Committee, 1950 member of the 
James Douglas Gold Medal Commit- 
tee, and is present Chairman, 
Richards Award Committee. Mr. 
Isern was born in Ellinwood, Kan., 
June 4, 1899 and graduated from 
Kansas University in 1922. After 
graduation Mr. Isern was a research 
engineer for Anaconda Copper Min- 
ing Co. He joined the Eagle-Picher 
Mining & Smelting Co. in 1939 as su- 
perintendent of milling. In 1944 Mr. 
Isern was appointed vice-president 
and director. He was later named 
president, and director of the Eagle- 
Picher Co. He is presently vice-presi- 
dent and director, and general man- 
ager, mining and smelting div., the 
Eagle-Picher Co. Mr. Isern is an 
officer and member of various pro- 
fessional societies. 


Philip Kraft, currently Vice-Presi- 
dent of AIME and Vice-Chairman of 
its Executive Committee, has been 
again nominated Director to serve 
from 1953 to 1956. He was born in 
New York City in 1890, received his 
B.S. degree from Columbia College 
(1910), E.M. degree from Columbia 
School of Mines (1912), and went on 
to the Royal School of Mines, Berlin, 
for his Doctor of Engineering degree 
(1914). Mr. Kraft spent three years 
in Canada as a geologist and mining 
engineer, and from 1917 to 1925 was 
engaged in war activities, mining 
examinations, and consulting work. 
He is Director in Charge of Oil Activ- 
ities of Newmont Mining Co., and 
president of Newmont Oil Co. In 
addition, he is a director of Cyprus 
Mines Corp., and a number of other 
companies engaged in the mining, 
oil, and gas industries. At one time 
or another, Mr. Kraft has served on 
most of the important AIME com- 
mittees, not the least of which has 
been the Committee to Administer 
Endowment Fund X. 


Gail Francis Moulton, presently a 
Director of AIME, has been renom- 
inated for a three year term begin- 
ning 1953. Born in Chicago in 1898, 
he graduated from the University of 
Chicago in 1920. Mr. Moulton has had 
extensive experience in the petro- 
leum industry, served as assistant 
professor at University of South 
Dakota, and headed the petroleum 
section of the Illinois State Geological 
Survey. He was later employed by 
United Gas Co., Electric Bond & 


PHILIP KRAFT G. F. MOULTON 


Share Co., and Ralph E. Davis, Inc. 
Late in 1951, he joined Rockefeller 
Brothers Inc. as a consultant, with 
offices at 30 Rockefeller Plaza, New 
York City. A former Vice-Chairman 
of the Petroleum Branch, Mr. Moul- 
ton is a prolific writer in his field, and 
has served on AIME committees. 


Division Officers 
Nominated for 1953 


Coal Div.: R. E. Kirk, Chairman; 
M. D. Cooper, Chairman-Elect; D. R. 
Mitchell, Secretary-Treasurer. Exec- 
utive Committee; (3-year term), G. 
E. Keller, O. R. Lyons, and F. C. Menk. 


Mineral Industry Education Div.: 
H. H. Power, Chairman; J. R. Van 
Pelt, Vice-Chairman; J. D. Forrester, 
Secretary. Executive Committee; (3- 
year term), J. C. Calhoun, Jr., D. S. 
Eppelsheimer, O. C. Shepard, and 
Allison Butts, Past Chairman, 1 year. 


Minerals Beneficiation Div.: D. W. 
Scott, Chairman; S. D. Michaelson, 
Associate Chairman; Will Mitchell, 
Jr., Regional Vice-Chairman; M. D. 
Hassialis, Regional Vice-Chairman; 
and W. B. Stephenson, Secretary- 
Treasurer. 


Industrial Minerals Div.: H. M. 
Bannerman, Chairman; S. S. Cole, 
Eastern Vice-Chairman; R. B. Adair, 
Southeastern Vice-Chairman; H. A. 
Schmitt, Rocky Mountain Vice- 
Chairman; D. B. Scott, Western Vice- 
Chairman; D. A. Pifer, Pacific North- 
west Vice-Chairman; K. V. Lindell, 
Canadian Vice-Chairman; and J. J. 
Norton, Secretary-Treasurer. Exec- 
utive Committee; (3-year term), R. 
C. Stephenson, J. A. Ames, W. F. 
Dietrich, and H. I. Smith, substitute 
for H. M. Bannerman. 


Mineral Economics Div.: G. S. Bor- 
den, Chairman; Clayton Ball, Vice- 
Chairman; R. M. Foose, Vice-Chair- 
man; S. D. Strauss, Vice-Chairman; 
and Franz Dykstra, Secretary-Treas- 
urer. Executive Committee; (3-year 
term), Elmer Kaiser, Joseph Gillson, 
Andrew Crichton, and G. C. Monture 
for unexpired term of M. D. Har- 
baugh. 


Mining, Geology, and Geophysics 
Div.: E. P. Pfleider, Chairman; Tell 
Ertl, Mining Vice-Chairman; G. M. 
Schwartz, Geology Vice-Chairman; 
K. L. Cook, Geophysics Vice-Chair- 
man; and C. M. Cooley, Secretary. 
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Industrial Minerals Div. and Metals Branch 
Joint Pacific Northwest Meeting Is Huge Success 


HE Pacific Northwest's joint 
meeting of the Industrial Min- 
erals and Metals Branch in Spokane, 
Wask., drew 260 members, 72 stu- 
dents, and 30 ladies. Theme of the 
meeting was to acquaint men in the 
industry with students and younger 
men. The special appeal to the stu- 
dents was coupled with an attempt 
to attract young technical men from 
the companies located in the north- 
western area. The activities of the 
meeting were available without 
charge to students. Contributions 
were made by the industries in the 
area to assist student attendance. Fol- 
lowing the special student and fac- 
ulty trip to the Trentwood rolling 
mills and research laboratory on Fri- 
day afternoon everyone enjoyed a 
complimentary dinner. A. Y. Bethune 
of the Sullivan Mining Co., spoke to 
the group on the operations of Kel- 
logg, Idaho electrolytic zinc plant. 
The Industrial Minerals Div. ses- 
sion was opened on Saturday morn- 
ing by R. G. Vervaeke, Conference 
Chairman who introduced A. O. 
Bartell of the Raw Materials Survey, 
Portland, Ore. Mr. Bartell in turn in- 
troduced C. W. Sweetwood who dis- 
cussed Open-Pit Phosphate Mining. 
The Simplot Fertilizer Co. entered 
into active exploration of the Phos- 
phoria formation on the Fort Hall In- 
dian reservation in southeastern 
Idaho in August 1945. Open-pit min- 
ing, made possible by the flat-lying 
formations near the surface, began in 
June 1946. The main bed of 6 ft of 
high grade oolitic phosphate rock 
assaying 32.5 to 34.5 pct P,O,, lies be- 
low a 21 ft bed of phosphatic shales 
analyzing 24 pct P,O,. Earth moving 


machinery strips the top soil, removes 
the waste shale to separate dumps, 
then strips the two beds of ore sep- 
arately and takes them to the crush- 
ing, automatic sampling and loading 
plant where 2000 tons per shift are 
handled. The high grade phosphate 
rock goes to the Simplot Co.'s super- 
phosphate fertilizer plant at Poca- 
tello, while the lower grade shale is 
used as electric furnace feed by the 
Westvaco Chemical Div. at its ele- 
mental phosphorus plant at Poca- 
tello, Idaho. 

The second paper, Idaho Phos- 
phorus and its Ultimate Usage, was 
presented by J. G. Miller, manager, 
Westvaco Chemical Div., Pocatello, 
Idaho. 

The possession of what is probably 
the greatest reserve of phosphate 
rock and phosphatic shales in the 
United States, combined with hydro- 
power develepments in the same 
areas are the reasons that several 
major phosphorus producing com- 
panies are undertaking operations in 
the west and particularly in south- 
eastern Idaho. Westvaco is now in- 
stalling its fourth furnace at Poca- 
tello and is supplied with raw mate- 
rials by the Simplot Co. at its Gay 
mine. The Monsanto Chemical Co. is 
opening a strip mine near Soda 
Springs and is constructing its first 
electric furnace. At Silver Bow, 
Mont., Victor Chemical Co. is operat- 
ing its first furnace and building a 
second. Elemental phosphorus from 
the electric furnaces is converted to 
phosphoric acid for agricultural and 
food products. 

After a brief discussion, J. B. Myers, 
vice-president, Zonolite Co., Libby, 


Mont., described the Libby, Mont., 
deposit of the Zonolite Co. which is a 
dominant world producer of vermic- 
ulite. The deposit is mined by open- 
pit techniques with Diesel-powered 
earth moving equipment. The mill 
processes 7100 tons of ore per day by 
means of rotary driers, crushing rolls, 
and 65 vibrating screens, probably 
the largest collection of vibrating 
screens in the country. Separation is 
accomplished by the flaky vermic- 
ulite passing through slotted screens 
while cubical gangue is retained. 

Next J. M. Orr of the Orr Chemical 
& Engineering Corp., of Portland, 
Ore., talked on the Industrial Util- 
ization of Iron Oxides. Although 
iron oxides usually are considered 
only as source materials for iron and 
steel, these common red and brown 
dirts have many other useful appli- 
cations. Natural mineral pigments 
consist mostly of iron oxides and 
even the clay pigments such as ocher, 
sienna and umber owe their color to 
those oxides. Iron oxides have also 
found application as fillers in ce- 
ramics, cements, and rubber com- 
pounds, and as gas purifiers and ca- 
talysts in the chemical industries. 

The last paper of the morning ses- 
sion was Garnets in Idaho by J. V. 
McDivitt, Idaho Bureau of Mines, 
Moscow, Idaho. Production of abra- 
sive garnet from the alluvial deposits 
of Idaho has been made possible by 
the growth of the aluminum, aircraft 
and shipbuilding industries in the 
Pacific Northwest and California and 
their accompanying requirements 
for sand-blasting abrasives. 

Idaho garnet has been found suit- 
able for such a market. The deposits 


There was on attendance of 253 people at the grand benquet 
held on Soturday, May 10, climaxing the conference. 
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The Industrio! Minerals Div. session 


J. M. Orr, J. 8. Myers, 


Miller, and C. W. Sweetwood. 


are found in alluvial sands on Em- 
erald Creek near Fernwood, Bene- 
wah County: The most popular size 
sold for $55 a ton in 1951. This is con- 
siderably below the national average 
price but still higher than natural 
silica-type abrasives. Since the re- 
serves of garnet sand are extensive 
and the market outlook good, the 
garnet industry in Idaho appears to 
be on a sound basis. 

The conference was adjourned by 
Mr. Bartell until after lunch. 

The Saturday afternoon session of 
the Industrial Minerals Div. was 
called to order by its chairman, G. H. 
Waterman at 2:00 pm. 

Bernard W. Gamson, director of 
the research and development div. 
of the Great Lakes Carbon Corp. at 
Morton Grove, Ill, presented a 
paper, Industrial Carbon. 

At present, various forms of car- 
bon are being utilized in widely di- 
versified types of industry. Large 
quantities of high purity carbon are 
used in the production and process- 
ing of aluminum, and electric fur- 
nace alloy steels. The future demands 
of the supersonic aircraft industry 
for superior construction materials 
will require even greater quantities 
of high purity carbon for the produc- 
tion and processing of metals such as 
titanium and zirconium. Most high 
purity carbon used today is produced 
in the form of petroleum coke in 
large delayed coking units. Petro- 
leum coke is also used to fabricate 
carbon electrodes for use in alumi- 
num electrolytic pots. 

Thermodynamic data showing the 
feasibility of converting graphite to 


diamond was presented. Pressures in 
the neighborhood of 50,000 atm and 
temperatures in range of 1000°C are 
theoretically required for this trans- 
formation. 

Floyd D. Robbins, University of 
Washington, was next with a paper 
Coal Burning Steam Plant in the 
Northwest. 

There will be a power shortage in 
the Northwest which will not ease off 
until 1954, and even assuming com- 
pletion of present hydroelectric 
project as planned; a safe margin 
will not be accumulated until 1957. 
This shortage can be effectively and 
quickly relieved by construction of 
one or more modern steam-generat- 
ing stations the chief advantages of 
steam over hydro plants are: (1) Lo- 
cation close to load centers, (2) more 
rapid construction, and (3) less than 
one third capital cost per unit energy 
produced. 

James E. Dore, ceramic engineer, 
div. of metallurgical research, Kaiser 
Aluminum & Chemical Corp., spoke 
on The Use of Olivine in Earthen- 
ware and Semi-Porcelain Bodies. 

The olivine (Dunite) reserves in 
the state of Washington are tremen- 
dous. Two principal deposits, the Cy- 
press Island deposit, and the Twin 
Sisters Mountains deposit contain 
well over one billion tons of high 
quality Dunite assaying approxi- 
mately 90 pct olivine. 

In light of these large reserves an 
investigation was undertaken to de- 
termine the fluxing properties and 
possible use of olivine [(MgFe), SiO,) 
in ceramic earthenware and semi- 
porcelain bodies, principally wall tile, 
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len Campbell, Cheirman, industria! 

Minerals Div., AIME, addressed the 

Industrial Minerals luncheon held on 

Seturday. 
vitreous floor tile and various types 
of dinnerware. 

The physical properties of many 
of the olivine bodies tested compared 
favorably with those of commercial 
wall tile, earthenware, and semi- 
vitreous china bodies produced in the 
United States. 

The results of the investigation 
showed the possibility of utilizing, in 
ceramic bodies, a raw material that 
is available in great quantities, yet 
whose past use has been quite limited. 
They also showed that olivine can be 
used as a fluxing material in certain 
ceramic bodies. 

Howard McDonaid of the Univer- 
sity of Washington discussed briefly 
Hot Pressing of Clay Products. 

An investigation was undertaken 
to determine the possibility of hot 
press forming structural clay prod- 
ucts from low fusion point glacial 
clays (fusion point 1100° to 1200°C) 
found in abundance in the Seattle 
area of the State of Washington. Re- 
sults of the initial tests were en- 
couraging and at present additional 
work is being done on the problem 
by the dept. of ceramic engineering 
at the University. 

Ian Campbell, Chairman, Industrial 
Minerals Div., addressed the Indus- 
trial Minerals luncheon, briefly ex- 
plaining his activities with the Insti- 
tute and future plans for the divi- 
sion. Meeting Chairman, R. G. Ver- 
vaeke introduced F. Libby, a Direc- 
tor of the Institute, and G. H. Water- 
man, next Chairman of the Industrial 
Minerals meeting. The luncheon was 
attended by 181 persons. 

Climax to the conference was the 
joint dinner on Saturday with 253 in 
attendance. Commissioner Lawson of 
Spokane expressed his pleasure to 
the group and invited all to return. 
Chairman of the Columbia Section, 
Professor Staley was toastmaster. 

The Women’s Auxiliary at Spokane 
had a brunch on Saturday, at which 
a local dancing group gave a series 
of their selections. Some 70 ladies at- 
tended. 

This joint venture of the Metals 
Branch and Industrial Minerals Div. 
demonstrated the advantages of this 
type of meeting in the Northwest. 
Plans are underway for a similar 
affair next year, in view of the re- 
sults this year. 
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R. Beals Joins Staff 


Rixford Beals joined the staff of 
MINING ENGINEERING as assistant edi- 
tor on June !. Mr. Beals is 27, a 
native San Franciscan, and a BS. 
graduate in process metallurgy from 
the University of California in 1950. 
He has had milling experience in 
Mexico and more recently as a re- 
search engineer in beneficiation for 
the Jones & Laughlin Steel Corp. at 
Negaunee, Mich 


1954 New York Annual 
Meeting Hotel Reserved 


Final confirmation of Statler 
Hotel, New York, as convention 
headquarters for the AIME Annual 
Meeting, Feb. 14 to 18, 1954, and of 
the Waldorf-Astoria Hotel for the 
banquet on February 17, was given 
at the meeting of the Executive and 
Finance Committees on May 21. The 
1953 Annual Meeting will be held 
at the Statler Hotel, Los Angeles, 
February 15 to 19. 


UPADI Meeting Planned 


Plans have been virtually com- 
pleted for the second meeting of 
UPADI (Union Panamericana de As- 
sociaciones de Ingenieros) in New 
Orleans, August 25 to 30. The first 
meeting was held in Brazil in 1949. 
Headquarters will be at Tulane Uni- 
versity, where sleeping and restau- 
rant facilities will be available at ex- 


tremely modest prices. The St. 
Charles is reserving rooms for those 
who prefer a hotel. Engineers’ Joint 
Council has been asked to send dele- 
gates from its constituent societies. 
W. H. Carson and Fred T. Agthe, 
with Sherwin F. Kelly as alternate, 
will represent AIME through EJC. 
Business meetings of the delegates 
will be held on Monday am and pm, 
August 25; Wednesday am and pm; 
and Friday am. Plenary sessions will 
be held on Tuesday devoted to: (1) 
General philosophy of engineering 
education and immediate postgrad- 
uate training of engineers; and (2) 
problems and plans for the expansion 
of engineering education. Thursday 
will be devoted to a trip about the 
port and other excursions, and nu- 
merous luncheons and dinners have 
been arranged. Luis Giannattasio, of 
Montevideo, Uruguay, is president of 
UPADI. J. M. Todd is vice-president 
and is in charge of local arrange- 
ments. His address is 217 N. Peters 
St., New Orleans 16, La. AIME mem- 
bers other than delegates are also in- 
vited to the meeting, and should com- 
plete their plans through Mr. Todd. 
A ladies’ program is also planned. 


Honorary Member Dies 

A vacancy in the roll of Honorary 
Members of the Institute, limited to 
twenty living members, has been 
caused by the death in England, on 
May 7, of C. McDermid. 
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Dues Voting Ballot Mailed 


A referendum on dues is currently 
being conducted by the Institute. A 
statement of the Board's position in 
the matter and a ballot for voting 
was mailed to all paid-up AIME mem- 
bers in the United States, Canada, 
and Mexico on June 16, returnable 
to the Secretary's office not later than 
July 15. All members who receive a 
ballot are urged to vote for a contin- 
uance of the present scale of dues, so 
that present Institute services can be 
fully maintained, and, it is hoped, ex- 
panded in the future. 


Revise Handling of 
Junior Applications 


Revision of the former directive 
regarding handling of applications 
for Junior Membership in the Insti- 
tute, from those who have served in 
the armed forces, was voted at the 
meeting of the Executive and Fi- 
nance Committees on May 21. The 
new ruling, effective immediately, is 
as follows: “Subject to approval of 
the Admissions Committee in indi- 
vidual cases, all veterans who have 
served in the armed forces of the 
United States or friendly countries 
who apply for Junior Membership 
will be allowed a credit of one year 
on the entrance age limit of 30 years 
for each year of military service up 
to three years. Any portion of total 
continuous military service in excess 
of six months shall constitute a full 
year credit; similarly, any portion 
less than six months shall not be con- 
sidered. Applicants attaining Junior 
Membership under this regulation 
shall be allowed a similar credit be- 
yond the 33-year age limit for chang- 
ing status to Associate Member or 
Member.” 


Pike’s Peak Subsection 
Recognized Formally 


Following its organization several 
months ago, the new Pike’s Peak 
Subsection of the Colorado Section 
was formally recognized and ap- 
proved by the Board at its meeting 
on April 16. The Subsection’s terri- 
tory includes the counties of E] Paso, 
Fremont, Huerfano, Las Animas, 
Pueblo, and Teller. 


Back Issues Requested 


Demand for the January, Febru- 
ary, and March issues, 1952, of 
MINING ENGINEERING exceeds the 
supply. The Institute will pay 50¢ 
apiece for salable copies of these 
issues returned to AIME head- 
quarters. It will only be necessary 
to put the name and address of the 
sender on the wrapper when return- 
ing copies; a check will then be sent. 
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— Coming Events — 


July 1-Sept. 30, Centennial of Engineering. 
Chicago. 


Aug. 75-29, Oak Semmer Sympesiem. 
Oak Ridge, Ten 

Sept. 3-6, AIME, Industrial Minerals Div., 
annual fall regional meeting, Chicago. 


3-6, AIME, fall meeting, Palmer House, 
hicago. 


Sept. 3-13, AIME, Chicago Section, Centen- 
nial of Engineering, Chicago. 


5-6, Engineers’ Coureil fer Prof 


essional 
velopment, annual meeting, Hotel Shera- — 


ton, Chicago. 


Sept. 10-12, Pereelain Enamel! Institute, an- 


nual shop forum, University of IUlinois, 
Palmer House, Chicago. 


11-13, American Institate of 
ngineers, Palmer House, Chicago, Il) 


18, AIME, Utah Section, Newhouse 
‘otel, Salt Lake City. 


oo 22-25, American Mining Congress, 
etal and Nonmetallic Mining Convention 
and Exposition, public auditorium, Denver. 


23-25, Institution Mining and Metal- 


Royal School of Mines, London. 


om. 30, AIME, Morenci Sub-section, Long- 
iow Inn, Morenci, Ariz. 


Oct. 3, AIME, National Open Hearth, South- 
ern Ohio Section, Deshler-Wallick Hotel, 
Columbus, Ohio. 


Oct. 10, AIME, Eastern Section, National 
Open Hearth Steel Committee, Harwich 
Hotel, Philadelphia. 


Oct. 20-22, AIME, Institute of Metals Div., 
fall meeting with National Metal Congress. 
Hotel Adelphia, Philadelphia. 


Oct. Mining Institute, annual 
Hotel Abraham Lincoln, Spring- 
field, Ill. 


Oct. 28, Assn. of © Chemists and 
Chemical Engineers, Inc., annual sympo- 
sium, Hotel Belmont Plaza, New York. 


. 30-31, AIME, Fuels Conference, Coal 
ASME, Fuels Div., Bellevue-Stratford, 
Philadelphia. 


Nev. 4, AIME, Morenci Sub-section, Longfel- 
low Inn, Morenci, Ariz. 


Nev. 6-8, New Mexice Mining Assn. and In- © 


ternational Mining Days, joint convention, 
Alvarado Hotel, El Paso. 


Nev. 18, AIME, Buffalo Section, National 
Open Hearth Steel Committee, Hotel Stat- 
ler, Buffalo 


Nev. 19, American Mining Congress Coal Div. 
Cenference, Wm. Penn Hotel, Pittsburgn. 


Nev. 2@-21, American Seciety fer Quality 
Centre|, mid-west conference, Claypool 
Hotel, Indianapolis. 


Dec. 2, American Mining Congress, annual 
membership meeting, University Club, New 
York 


Dee. 4-6, AIME, Electric Steel Furnace Con- 
ference, Hotel William Penn, Pittsburgh. 


Dee. 7-10, Ameri Institute of Chemical 
Engineers, annual meeting, Hotels Cleve- 
land and Carter, Cleveland. 


Dec. 8, AIME, Arizona Section, all-day meet- 
ing, Tucson. 


Feb. 16-19, 1958, AIME, annual meeting, 
Statler Hotel, Los Angeles. 


Mar. 16-20, National Assn. ef Corresion Engi- 
neers, annual conference and exhibition, 
Hotel Sherman, Chicago 


Apr. 12-May 23, Empire Mining and Metal- 
lurgical Congress, Australia-New Zealand. 
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AIME Fall Meeting and Engineering 
Centennial Celebration Plans Progress 


Plans for the fall meeting of the 
AIME, to be held in conjunction with 
the Centennial of Engineering— 
marking the 100th anniversary of the 
Society of Civil Engineers—indicate 
that the Chicago gathering will be 
one cf the most significant in Insti- 
tute history. Headquarters for the 
six divisions represented will be the 
Palmer House. 

Twenty technical sessions will be 
held from September 3 to 6, with 
papers of industry-wide impact to be 
presented. The papers will follow the 
theme of the celebration—a century 
of engineering progress. The MBD 
will start the ball rolling with morn- 
ing and afternoon sessions Thursday, 
September 4. A luncheon also will 
be held. MBD has scheduled morn- 
ing and afternoon sessions for the 
following day as well. 

MGGD, Iron and Steel, and the 
Coal Div., will hold sessions Friday 
afternoon. The Industrial Minerals 
Div. plans an executive meeting, 5 
pm, Friday. Geology Subdivision is 
slated for morning and afternoon 
sessions Saturday. The Coal Div. will 
meet again Saturday morning. 


DEALERS EVERYWHERE, consult your Ch 


| 
LUBRICATION ECONOMY 


The Industrial Minerals Div. ses- 
sion on Friday will be concerned 
with mineral aggregates and re- 
sources in the Chicago area. The first 
session of the Geology Subdivision 
Friday afternoon, will be centered 
around brown iron ore in Alabama, 
Georgia, Minnesota, Missouri, Texas, 
and Virginia. A regional summary of 
brown iron ore occurrences, produc- 
tion and utilization will follow. The 
morning and afternoon sessions 
Saturday will deal with plans of 
State Geological Surveys of Minne- 
sota, Michigan, Ohio, Wisconsin, 
Illinois, and Indiana. A joint lunch- 
eon with the Mining Subdivision will 
be held between sessions. 

The Chicago Section will be host at 
a dinner Friday evening, preceded by 
an AIME business meeting. An all- 
Institute dinner-dance is listed as the 
high point Saturday night. AIME 
Board of Directors convene Sunday, 
September 7, at 2 pm. 

Thus far, 44 scientific societies 
have signified that they will partici- 
pate in the 10-day celebration, sched- 
uled to last until September 13. At 
least 15 foreign countries will par- 


ticipate officially. The Centennial 
celebration is expected to be the 
greatest convocation of engineers the 
world has ever seen. 

A symposium will be presented 
on Groundwater in Industry on 
Saturday morning and afternoon. 
Papers to be presented are: A Geo- 
graphical Investigation of Glacial 
Deposits near Anderson, Ind. by 
Maurice Briggs, W. J. Wayne; Sonar 
Sediment Studies in Shore Areas of 
Lake Michigan at Chicago by W. O. 
Smith; Geology of Industrial 
Groundwater Supplies in Illinois by 
F. C. Foley; An Application of Inter- 
ference Methods to a Problem of 
Brine Disposal in the Dundee Forma- 
tion of the Michigan Basin by John 
Ferris; The Industrial Application of 
Groundwater Recharge by Wells by 
M. L. Brashears, and Large Industrial 
Water Supplies by Induced Filtra- 
tion by F. H. Klaer, Jr. 

Indiana Geological Survey will 
conduct a field trip September 3, with 
visits to the Grisman Sand Co., the 
Manley Sand Co., and the Bos Sand 
Co. A stop will be made at the 
Indiana Dune Sand State Park. An- 
other field trip has been arranged for 
September 4. 

The Minerals Industry Symposium 
will be conducted September 8, 
under the Chairmanship of Clyde 
Williams, director of Battelle Me- 
morial Institute. 


“LUBRIPLATE No. 630-AA 
is Practically 


AIME Student Key 


Now available, an attractive 
gold-plated sterling silver key 
for AIME Student Associates. 


a Universal Lubricant” 


The Spokane Portland Ce- 
ment Company of Irvin, 
Washington writes, “With 
the introduction of LUBRI- 
PLATE No. 630-AA we re- 
duced the number of lubri- 
cants we were using from ten 
to two. LUBRIPLATE No 
630-AA might almost be con- 
sidered a UNIVERSAL 
LUBRICANT”. 


1. LUBRIPLATE reduces 
wear 


2. LUBRIPLATE prevents 
rust and corrosion 


3. LUBRIPLATE is eco- 


to use 
Write today for case histories 
of sa made the 
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Engineers’ Centennial 
HIS summer, in Chicago, will be celebrated the 
“Centennial of Engineering” and half a hundred 

engineering societies will have meetings of one kind or 
another in the two weeks following Labor Day. It is 
really the 100th anniversary of the founding of the 
American Society of Civil Engineers. Centennial of 
Engineering is merely a convenient label to put on the 
celebration of 100 years of engineering progress in this 
country since the ASCE was founded. Engineering, of 
course, is much older than is thus indicated—thousands 
of years older. But Americans have a penchant for 
dramatizing progress by celebrating assumed anniver- 
saries. Four years ago a special 3¢ stamp was issued on 
which a Brahma chicken was prominently displayed, 
with the legend, “1848-1948. Centennial of the Ameri- 
can Poultry Industry.” We feel reasonably sure that 
the first dozen eggs was sold considerably earlier than 
that. 

Until a hundred or so years ago engineers were gen- 
erally classified as either military or civil. Apparently 
a group of civil engineers met for the first time in 
Augusta, Ga. but no records were kept and the first 
meeting of which we have definite knowledge was at 
Barnum’s Hotel in Baltimore, Feb. 11, 1839. Forty 
engineers were present and they decided to form a 
society. Among the aims of these engineers was “the 
greatest amount of useful effect at the smallest cost,” 
which is as good a slogan for the engineer of today as 
it was 113 years ago. It was mentioned that the ex- 
istence and prosperity of the society depended in no 
small degree on “the personal conduct and exertions” 
of the members. “Talents and respectability are prefer- 
able to numbers ... from too easy and promiscuous ad- 
mission, unavoidable, and not infrequently incurable, 
inconveniences perplex most societies.” 

The name American Society of Civil Engineers was 
selected. It was recommended that “architects and 
eminent machinists” be admitted to only associate 
membership. The founding committee recommended 
that every Member and Associate be required “to pro- 
duce to the Society at least one unpublished communi- 
cation in each year, or present a scientific book, map, 
plan, or model not already in the possession of the 
Society under penalty of $10." Apparently the society 
was too exclusive and the penalty for the unproductive 
member a bit too steep, ten bucks being what it was 
in those days, so the society died a-borning. An effort 
was, however, made to set up four engineering societies 
on a geographical basis, with one covering New Eng- 
land and New York; the second, Pennsylvania, New 
Jersey, Maryland, Delaware, and Virginia; the third 
all the states south of Kentucky and Virginia; and 
lastly “Kentucky and the Northwestern States.” Some- 
thing along this line was accomplished when the Bos- 
ton Society of Civil Engineers was founded in 1848. 

Efforts to organize a national society were finally 
successful in 1852 when the American Society of Civil 
Engineers and Architects was founded. There was but 
one grade of membership, to which were eligible 
“Civil, Geological, Mining, and Mechanical Engineers, 
Architects, and other persons who, by profession, are 
interested in the advancement of science.” Those edu- 
cators of the present day who take a dim view of the 
curricula labeled “geological engineering” can thus see 


THE DRIFT OF THINGS 


by Edward H. Robie 


that geological engineers were at least given early 
recognition. 

In 1853 the Society held eight meetings, with an av- 
erage attendance of six, and in all only 14 different 
members came to the meetings. In 1854 only six meet- 
ings were held, and attendance was less than in 1853 
so resident dues (for those within 50 miles of New 
York) were reduced from $10 to $5 and non-resident 
dues from $5 to $3. This was done to “render member- 
ship less onerous, and with the hope that by so doing 
new members might be induced to seek a connection 
with the Society ...the labors of the members more 
rey their money is wanted to make the Society use- 

ul.” 

The Society had no headquarters so it was proposed 
to rent a room convenient to the office of some member 
who might be willing to supervise it, the annual rental 
of the room not to exceed $250, and the cost of fur- 
nishing not more than $150. 

After its meeting on Mar. 2, 1855 the new Society 
was dormant for 12 long years, during which period 
the Civil War was fought. It came to life, with two 
rooms as headquarters in downtown New York, in 
1867. Dues were put back up to $10 and $5, and the 
assets of the Society were $1592.07. The next year the 
words “and Architects” were deleted from the Society's 
name, but it remained a society for all engineers even 
after the mining engineers formed the AIME in 1871. 
In 1855 a member of the Society asked “whether any 
Transactions of the Society have been published or 
intended to be” (grammar was evidently not pure even 
in those days) but it was not until 1872 that the Civils 
published their first volume of Transactions. That was 
only one year before the first volume of AIME Trans- 
actions was published. A members’ badge was not 
adopted until 1884 though the AIME had previously 
adopted one, and the American Society of Mechanical 
Engineers, founded in 1880, likewise. The Electricals 
did not form a separate society until 1884, and used 
the Civils quarters for several years. The Chemicals 
did not branch off on their own until 1908. 


On Feb. 14, 1903 Andrew Carnegie wrote the fol- 
lowing letter: 

“Gentlemen of the American Society of Civil Engi- 
neers, American Society of Mechanical Engineers, 
American Institute of Mining Engineers, American In- 
stitute of Electrical Engineers, and the Engineers’ Club: 
It will give me great pleasure to give, say, one million 
dollars to erect a suitable Union Building for you all, 
as the same may be needed. With best wishes, Truly 
yours, Andrew Carnegie.” The societies were required 
to purchase suitable property on which to erect the 
building. The final amount that Mr. Carnegie gave was 
$1,050,000, and the present Engineering Societies Build- 
ing was dedicated on Apr. 16 and 17, 1907. The Civils 
did not move in and become one of the four “Founder 
Societies” until about ten years later. 

We are indebted to a history of the ASCE prepared 
by Edward C. Thoma for most of the above informa- 
tion. With the present building soon to celebrate its 
50th anniversary, what we engineers now need is 
another Andrew Carnegie. Unfortunately the political 
climate is not now so favorable for accumulating large 
fortunes which may be available for such purposes as 
it was a half century ago. 
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Personals 


John Eliot Allen has been made act- 
ing head, dept. of geology, New Mex- 
ico Institute of Mining and Technol- 
ogy, Socorro, N. Mex. He had been 
associate professor of geology. 


Robert B. Anderson has accepted a 
position with the U. S. Steel Co., 
Gary, W. Va. as assistant to the 
superintendent, No. 2 mine. 


D. L. ARCHIBALD 
Donald L. Archibald has joined the 


sales dept. of the Ellicott Machine 
Corp., Baltimore. He formerly had 
been associated with the Joy Mfg. 
Co., St. Louis 


J. C. Boswell has been appointed 
manager of the Fairbanks dept., 
United Smelting Refining & Mining 
Co. J. B. Metcalfe has been appointed 
assistant to the president. G. How- 
ard LeFevre was elected vice-presi- 
dent and general manager of metal 
sales and R. N. Hunt, vice-president 
and chief geologist was elected a di- 
rector. R. B. Earling, vice-president 
and general manager of Alaskan 
operations, has retired but will con- 
tinue to serve on the board of direc- 
tors. J. D. Crawford has been ap- 
pointed general manager of Alaskan 
operations. 


Otis H. Banes has been made super- 
intendent of acid, roasting in the cad- 
mium, waelz-oxide, and zinc car- 
bonate dept., Fairmont City plant, 
American Zinc Co. of Illinois, East 
St. Louis, I. 


Herman E. Bakken, vice-president 
and general manager of the Alumi- 
num Ore Co., is now in Pittsburgh. 
He had been at St. Louis. 


Robert S. Bailey, manager of the 
Eastern District, Western Machinery 
Co., New York is now in Jefferson- 
ville, Ind. 


Werner J. Bergmann is research engi- 
neer with the Aluminum Research 
Laboratories, New Kensington, Pa. 
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Thsan Ruhi Berent has become presi- 
dent of the Engineering Consolidated 
Contractors, Ankara, Turkey. 


Robert A. Blake, mill superintendent, 
American Smelting & Refining Co. 
has been transferred from Mike 
Horse, Mont. to Colville, Wash. 


John J. Borkert, Jr. is now employed 
as a control engineer for the Kenne- 
cott Copper Corp., Ray mines div., 
Ray, Ariz. 


Orrin T. Barrett has accepted the 
position of superintendent of the 
central coal preparation plant of 
the Brazilian National Steel Co., 
Tubarao, Santa Catarina. He recently 
resigned as mining engineer with the 
U. S. Bureau of Mines, coal prepara- 
tion section, Pittsburgh. 


Thomas C. Baker is now connected 
with Canadian Exploration Ltd., San 
Francisco, a subsidiary of Placer 
Development Co. 


Andre L. Brichant formerly with the 
U.N. Mission to Libya, has joined the 
Kennecott Copper Corp., New York. 


William H. Burgin is now field en- 
gineer with the Kennecott Copper 
Corp., Denver. 


J. L. Black has accepted the position 
of field engineer with the Enterprise 
Exploration Co. Pty., Ltd., Broken 
Hill, New South Wales, Australia. He 
had been associated with the Zinc 
Corp. Ltd. 


Furman H. Burge, Jr. recently joined 
the Oliver Iron Mining div., U. S. 
Steel Co., Duluth, Minn. 


Fred C. Bond was awarded a medal 
in recognition of distinguished 
achievement in the field of mineral 
engineering by the board of trustees, 
Colorado School of Mines. 


Edward J. Bottomley has joined the 
Wasson Coal Mining Corp., Boon- 
ville, Ind., as general superintendent. 


Ernest V. Bowman has become plant 
manager for the Winding Gulf Col- 
lieries, Goodwill, W. Va. 


A. L. BARD 


A. L. Bard has been appointed man- 
ager, grinding media sales, Sheffield 
Steel Corp., Kansas City, Mo. Mr. 
Bard has been associated with Shef- 
field since 1938 and was formerly in 
charge of engineering sales and de- 
velopment of grinding media. 


Allison Butts, professor of electro- 
metallurgy, Lehigh University, was 
named head of the dept. of metal- 
lurgy. 


Donald M. Cannon has resigned from 
Pacific Mining Services, Ltd., Van- 
couver, B. C. 


C. D. Clarke, formerly superintend- 
ent of the Yauricocha mine, Cerro de 
Pasco Corp., Peru, has been trans- 
ferred to the mine at Cerro de 
Pasco, as superintendent. 


William David Cwolidge was 
awarded the first K. C. L. medal by 
Columbia University for advancing 
the science of tungsten. He received 
the medal “for his conception and de- 
velopment of a method for obtaining 
ductile metallic tungsten to the bene- 
fit of mankind.” Dr. Coolidge is direc- 
tor emeritus of the General Electric 
Research Laboratory, Schenectady 
and retired in 1944 as a vice-presi- 
dent of the company. 


Douglas C. Corner is presently in 
Australia for the Goodman Mfg. Co., 
and is making his headquarters with 
John Carruthers & Co., Sydney. 


John Cannizzo is now with the 
United Paracale Mining Co., Cama- 
rines Norte, Philippine Islands. 
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Ben B. Chomiak has resigned as en- 
gineer for the Colorado Fuel & Iron 
Allen coal mine, Weston, Colo. He 
has accepted a position as junior en- 
gineer for the American Smelting & 
Refining Co. Parral, Chihuhua, 
Mexico. 


Carril E. Debbin received the honor- 
ary degree of Doctor of Engineering 
from the Colorado School of Mines. 


Gregory S. Devine has been elected 
a vice-president of Truax-Traer Coal 
Co. and will continue to head Bink- 
ley Coal Sales. 


Wendell W. Fertig is now deputy 
chief of psychological warfare for the 
Dept. of the Army, Washington, D. C. 


Robert B. Fulton has accepted a posi- 
tion as mining engineer for the New- 
mont Mining Corp., New York. 


Harold B. Foxhall is now geologist 
for the Dow Chemical Co., geological 
dept., Houston. 


John James Forbes is now mill fore- 
man for the Estella Mines Ltd., Wasa, 


J. W. George has been transferred to 
New York by Union Carbide & Car- 
bon Corp. 


James B. Girod has been made indus- 
trial engineer for the U. S. Steel Co., 
coal div., Uniontown, Pa. 


Thomas E. Gillingham, Jr. has joined 
the Atomic Energy Commission as 
staff geologist, New York. 


James K. Grunig is now geologist for 
the U. S. Geological Survey, mineral 
deposits branch, Washington, D. C. 


S. HOLLISTER 


S. E. Hollister, associated with the 
Southwestern Engineering Co., Los 
Angeles, will serve as mining and 
metallurgical consultant in Japan. 


Robert Turner Howard is no longer 
associated with Black, Sivalls & Bry- 
son, Kansas City, Mo. 


Joao G. Haenel has been made tech- 
nical assistant to the director, export 


D. J. KRAMM 


Douglas J. Kramm has been appoint- 
ed district sales manager in charge 
of the western district, Traylor Engi- 
neering & Mfg. Co. His headquarters 
will be in San Francisco. 


C. P. Keegel has resigned as manager 
of the Compania Minera Agua Fria 
and is returning to Las Vegas, Nev. 


Arthur J. Kerr is now with the Kerr 
Engineering Sales Co., Pittsburgh. 


A. Irving Leversen, who served as 
professor in sesnatiend at Stamford Uni- 


WILMOT ENGINEERING CO. 


versity for seven years, has resigned 
from the post and returned to Tulsa. 


Donald W. Lindgren is now in Puerto 
Rico for the West Indies Mining Corp., 
as geologist. 


Carrel B. Larson, formerly assistant 
general manager, Patino Mines & 
Enterprises, Catavi, Bolivia, is now 
chief of the South American branch, 
foreign expansion div. DMPA., Wash- 
ington, D. C. 


L. H. Lange, vice-president and man- 
ager, metallurgical dept., Galigher 
Co., Salt Lake City, has returned 
from a two months consulting trip 
abroad. 


N. B. Melcher has been appointed 
chief of the ferrous metals and alloys 
branch of the U. S. Bureau of Mines’ 
minerals div. 


P. I. A. Narayanan has returned to 
India after a visit to various ore 
dressing laboratories and plants in 
Australia. 


Ennis A. Naeve has accepted a posi- 
tion with the Bennett-Perry-Thomas 
Engineering Co., Oak Hill, West Va. 


John M. Norlin, W. S. Tyler Co., has 
been made sales engineer and is now 
located in Birmingham. 


Harry 8. Nelson is now employed as 
an assistant contract engineer with 
the Freyn engineering dept., Koppers 
Co., Inc. 
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veyor parts: sprockets, traction wheels, 
flights, take-ups, shafting, bearings and 
trough in cast iron, ductile iron, carbon or 
chrome - manganese steel to fit the appli- 
cation. See why an increasing number of 
leading firms are cutting “down” time by 
depending on Wilmot for all conveyor 
replacement parts. 
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P. J. Shenon and R. P. Full have an- 
nounced the reopening of their con- 
sulting firm in Salt Lake City. Rich- 
ard P. Gerwels is associated with 
them. Dr. Shenon is a past chairman 
of the Mining, Geology and Geo- 
physics Div., AIME and is currently 
a member of the Mining Branch 
Council. Mr. Full is a member of the 
Papers and Program Committee. Mr. 
Gerwels was chief mining engineer 
for the Bayard dept., U. S. Smelting, 
Refining & Mining Co., Bayard, N. 
Mex. 


Howard G. Schoenike has resigned 
from the Hanna Development Co., 
and is now employed by the Baroid 
sales div., National Lead Co., Hous- 


| How MARCY Rod Mills imp 


ton. He is doing geological work in 
the production dept. 


Dexter A. Tutein is president of the 
Tutein Corp., New York. 


W. C. Thompson, former assistant 
sales manager has been made special 
representative, A. P. Green Fire 
Brick Co., Mexico, Mo. 


D. 8S. Vasquez 8. M. is now metallurg- 
ist foreman for the Cia. Minerade 
Guatemala, Cogan, Guatemala. He 
was formerly assistant to metallurg- 
ist, Braden Copper Co., Chile. 


Ralph A. Watson is now associated 
with the Great Northern Railway 
Co., Spokane. 


rove Fine Crushing | 
MARCY OPEN END LOW 
PULP LINE GRINDING 
IMPROVES FEED FOR 
SECONDARY BALL MILLS 


The Marcy principle of low pulp line, fast discharge of mill 
content results in lower overall costs than when dry crushing is 
used... the discharge is more uniform, a higher percentage 
of discharge is finished product. Thus the load is lightened or 
copacity increased, on the final stage of grinding. 
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large African Company Selects 7’ x 12’ Marcys for Fine Crushing 
A large producer in Africa recently ordered 7—7" x 12’ Marcy 
Open End Rod Mills for fine crushing o copper-lead-zinc ore. 
They will handle 13,500 metric tons per 24 hours—1” feed to 
10 mesh product. The rod mills will discharge to ball mills which 


ore already in operation. 
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Obituaries 
Appreciation of Fred Wise 
by Fred Searls, Jr. 


Something of the zest and vigor of 
recent Colorado mineral production 
passed on May 1, when Fred Wise 
laid down his tools, and turned in his 
check to the Timekeeper, who keeps 
the little book on all of us who dig 
the ore that long ago He put in the 
hard rocks of the West. 

Fred Wise was born in a crosscut, 
as the miners say, for Oct. 31, 1906 
found his native Virginia City still a 
mining camp. He learned to break 
rock while his father, Alex Wise, and 
the latter’s partner, Roy Hardy, were 
operating Flowery Ridge—a poverty- 
stricken relative of the nearby Com- 
stock Lode—on a margin so thin that 
a broken shovel handle put the opera- 
tion in the red. From such environ- 
ment and the Virginia City schools, 
Fred went on to Stanford University 
where he graduated in January 1929, 
as shift boss for the Goldfields and 
worked at Fresnillo. 

There he stayed a year, but his 
father missed his help and he re- 
turned in 1930 to work at Flowery 
Ridge and then in 1933 at the Beebe 
mine in Placer County, Calif., where 
Alex had become impressed with the 
ill-fated Hadsel mill. 

From the Beebe, Fred went to the 
Original Amador as superintendent 
at the age of 29. At the Amador, he 
learned the hard way about the miss- 
ing maternal instincts of the Mother 
Lode, for he had the responsibility 
of the operation during the violent 
strike of 1934 and the mine fire in 
1936. He acquitted himself so well 
that we tried, when he left Amador 
County, to hire him for superinten- 
dent of the Zeibright mine. But simul- 
taneously Roy Hardy, his father’s 
former partner, offered him the Get- 
chell, which he then managed until 
late in 1942. 

Wise joined the Navy in March 
1943 and in June went to Europe as 
a lieutenant in the Seabees. He head- 
ed, as officer in charge, the demoli- 
tion squad that led the invasion of 
Sicily, and was officially commended 
for action at Toulon. He was dis- 
charged Nov. 4, 1945. While in the 
Navy, he married Marjorie Mumm in 
Washington and is survived by her 
and by two children. 

Shortly after discharge from the 
Navy, Wise entered the employ of 
Newmont Mining Corp. He advanced 
rapidly and in 1946 became manager 
of the Idarado mine and in 1950 also 

of the Resurrection mine at Lead- 
ville, directing as well other explora- 
tion efforts of Newmont in the Rocky 
Mountain area. We know and have 
known that he had only started, and 
the loss is deeply felt by our whole 
organization. 

At the shaft collar, or where the 
men in diggers mount the trains, 
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there will yet be an occasional hard 
hat turn to catch his voice. If his lan- 
guage was rough, it was spiced with 
the kindly humor that miners like; 
and behind the “Wise” cracks, there 
was often sound and helpful com- 
ment. To us, it still seems “the boss 
will be around.” 


Charlies Henry White 
An appreciation by A. W. Stickney 


On Monday the 17th of March 
Charles Henry White, my esteemed 
friend for over forty years, passed 
away in an Oakland, Calif. hospital 
following a cerebral hemorrhage. 
Although he had reached his 86th 
year he was working on the manu- 
script of a publication on the genesis 
of ore deposits until shortly prior to 
his death. 

Born in North Carolina on Aug. 
13, 1865, Mr. White received his 
early education at Vanderbilt Uni- 
versity and the University of North 
Carolina. In 1897 he obtained his 
S.B. (magna cum laude) from Har- 
vard University and his A.M. in 
1902. From 1905 to 1917 he was 
assistant professor and then profes- 
sor in mining and metallurgy at 
Harvard. Early in 1918 he was 
assigned to the Watertown Arsenal 
as Captain of Ordnance U. S. Army 
and on his discharge in 1919 entered 
the practice of mining geology in 
San Francisco. In addition to work 
for several mining companies in 
this country and Mexico he did con- 
sulting work for foreign companies 
in Australia, Africa, Yugoslavia, and 
Bulgaria. During World War II he 
gave a series of lectures at the San 
Francisco Armory. 

Mr. White belonged to several 
professional, scientific, and educa- 
tional societies. In addition to being 
a member of the American Institute 
of Mining and Metallurgical Engin- 
eers for 52 years, from which he 
received the gold medal of the 
Legion of Honor, he was a member 
of the Society of Economic Geolo- 
gists, Le Conte Geological Club of 
California, California Academy of 
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Sciences, Seismological Society of 
America, Fellow of the American 
Geographical Society and the Royal 
Geographical Society. He was also 
a member of the Commonwealth 
Club of San Francisco, Harvard 
Travellers, and Phi Beta Kappa. 

Mr. White, with Bohuslav Stoces, 
was the author of a textbook en- 
titled Structural Geology. He con- 
tributed a number of articles to 
technical and scientific journals 
dealing especially with copper de- 
posits and the abyssal theory of ore 
genesis. His professional work on 
disseminated copper deposits led to 
formulating guides to such ore- 
bodies by a study of the leached 
croppings. In later years he became 
convinced that there was no genetic 
relationship between the ore depos- 
ciated rocks 
its of a mining district and the asso- 

Throughout his life he was truly 
a scholar. As a teacher, and later as 
a professional consultant, he gave 
patiently his friendly advice from 
his fund of knowledge. He was a 
man of high integrity and at all 
times a gentleman whose calm dig- 
nity, kindness and exemplary humor 
were an inspiration to his associates. 
In his quiet, unassuming manner he 
enjoyed the many pleasant things in 
life which made him a gracious host 
to his friends. He was always con- 
servative in his manner of living 
which probably contributed to his 
long span of his professional life. 

His widow, Mrs. Marjorie Mills 
White of San Francisco survives him. 


Billy F. Edwards (Member 1951) was 
killed by lightning in August 1951. 
He had been a student at the Loui- 
siana State University. 


NECROLOGY 
Date Date of 
Elected Name Death 
1920 Willon P. Alderson February 1951 


i911 E. J. Carlyle Apr. 27, 1952 
1911 J.E.S. Clark Apr. 23, 1952 
1950 James A. Creighton Unknown 

1948 =Irvan Eari Curtis Oct 12, 1951 
1913 Theodore F. Foss Unknown 

1941 Samuel Edwin Guthrey May 13, 1952 
1916 Robert L. Hallett May 16, 1952 
1915 John H. Hastings Unknown 

1919 Leshe D. Hawkridge Apr. 21, 1952 
1928 Dudley A. Hoover Apr 3, 1952 
1996 §=Russell C. Johnson Dec 3, 1951 
1921 C. McDermid May 7, 1952 
1919 Andrew C. McLaughlin January 1952 
1909 Joseph H. Rodgers Apr. 23, 1962 
1906 =Persifer G. Spilsbury May 3, 1952 
1914 George B. Waterhouse May 10, 1952 
1944 «Clark White Unknown 

1908 Fred Wise May 1, 1952 
1944) William Witt Unknown 


for Membership 
MINING BRANCH, AIME 


Total AIME membership on Apr. 30, 1952 
was 17,658; in addition 2,382 Student Asso- 
clates were enrotied 
ADMISSIONS COMMITTEE 
T. D. Jones, Chairman; Thomas G. Moore, 
Vice-Chairman; H. S. Bell, F. W. Hanson, 
R. H. Chadwick, T. W. Nelson, C R 
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Apprarsals 


Professional Services—— 


Construction 
Consulting | Space limited to AIME members or to companies that have at least one member 
Designing on their stoffs. One inch, $40 per year; half inch, $25 payable in odvance 


RALPH ADAIR 
Ore Dressing Consultant 
Bull Min. R4., Asheville, N.C. 
Phene 4-1693 


JAMES A. BARR 
Consulting Engineer 
Mt. Pleasant, Tennessee 
Washingten, D.C. 


CLAYTON T. McNEIL, E. M. 
Consulting Mining Engineer 
of America Biag. 

Tel. GArfield 1-248 
SAN FRANCISCO 4, CALIFORNIA 


BEHRE DOLBEAR G COMPANY 


Consulting Mining Engineers 
@ ts 
il Broadway New York 4, N. ¥. 


+ Engineering Consultants 
and Contractors 
Mineral Exploration, Mine 
Mine Designs and Mine Ma 
156, Ataterk Bulvari—Ankara, ~~ 


MILLER 
ineer 
Mill and Mndustriat 


Improvement 
Cable: “ALMIL” Tel. 71-0635 
120 Broadway ew York 5, N.Y. 


RODGERS PEALE 
Consul Mining Geologist 
315 Mentgomery St. 
San Francisce 4, Calif. 


BLANDFORD C. BURGESS 
Registered Professional Engireer 
Mining Consultant 
Menticelle, Georgia 


AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 
Telephone Main 1431 
20 N. 7th St. St. Lewis, Me. 


GLENVILLE A. COLLINS 
Mining Engineer 
Uranium examinations Cable “Coins” 
Howard-Canfield 


LUCIUS PITKIN, INC. 
Mineralogists 
Assay 


ers—Chemists—Spectr 
Shi ry’ Representatives 

7 FULTON ST. NEW YORK 
Cable Address: Niktip 


Santa Barbara, Calif. 
COWIN & CO. 

Mining Engi and Contract 
Consulting Shaft & Slope Sinkin 
Appraisal Mine Developmen 
Reports Mine Plant Construction 


1-18th St. S. W. B'ham, Ale., Phone 56-5566 


Consulting 
MILNOR ROBERTS ,,,Consuiting 
The Pacific Northwest, 
British Columbia and Alaska 
4501 15th Ave., N.E. Seattle, Wash. 


MILTON H. FIES 


Consulting ineer 
Reoms 1201-2, Albama ly Ce. Bidg. 
Birmingham, Ala 


GEORGE A. HOCH 
Thin Section Technician 


of Geology 


PAUL F. SCHOLLA 
Consulting Mining Engineering 
Metal & Industrial Mineral Mining 


Surface Plants, Foreign and Domestic — 
1025 Cenn. Ave., N.W., Wash'n 6, D.C. 


CLOYD M. SMITH Mining Engineer 


Franklin & Marshall College, Lancaster, Pa. Mine Valuati Vontilation 8 
Munsey Buildi Washi 4, D.C. 
CARLTON D. HULIN 
Shell Beilaing International & Mationa! Consultants 


JOHNSTON & POWELSON 
Geologists — Reg'd Prof. Engrs. 


PP’ 


Supervision 
44 King St. West—Toeronte, Canada 


Mining and Metallurgical neer 
Administration ppraisal 
Specializing in Management 7) 

onsultation in Latin America 
707 South 6th Street, Las Vegas, Nevada 
Telephone 571 


and b of 
the coal. metal and non- -metallic min- 
ing industries. 
274 Madison Avenue New York City 16 


SEWELL THOMAS 
Consulting Mining 
Plant Layout, Design, Detaili 
Mechanization, Mining Meth 
2101 East 4th Denver 6, Cele. 


THOMAS L. KESLER 


Exploration Geologist 
Cartersville, Georgia 


WALKER & WHYTE, INC. 
ssayers, Chemists 
Shippers’ Representatives 
409 Pearl St. (Corner New Chambers) 
New York — U.S.A. 


KELLOGG KREBS 
Mineral Dressing Consultant 
564 Market St., San Franecisce 4, Calif. 


O. W. WALVOORD CO. 
Mill-Design and Construction 
401 High St. Denver 3, Cole. 


LEDOUX @ CO. INC. 
Assayers mists 
Shippers representatives at all seaports 
and refineries in the United States 
155 Sixth Ave. New York 


CLIFFORD R. WILFLEY 
Consulting Mining Engineer 
2233 Grape St. Denver 7, Colerade 


A 
Lambly, John T. Sherman. A. C. Brinker, 


JOSEPH T. MATSON 
CONSULTING MINING ENGINEER 
Exraminations— Appraisals 


Operations 
P. O. Bex 170 Santa Fe, New Mexico 


HARRY J. WOLF 
Mining and Consulting Engineer 


» | 
“3 
: 
Standard and Oriented Sections 

inati Valuati ment 
Cable: MINEWOLF  Tel.: Plaza 9-i700 


ALFORD, MORROW & ASSOCIATES 
CONSULTING ENGINEERS 


Drill 


R. S. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokene, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 
Manutacturer of Diemond Bits and 
Accessories 


ltants. 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
8. MICHIGAN AVE., CHICAGO 


ALL 8T., NEW YORK CITY 
“GLOUCESTER PL., LONDON W.1. 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting 


Crushing Plants 


308 W. Washingten St. Chicage 6, Di. 


Processing Plants 


Ship Looting Docks 


224 N. 4th St. St 


SCRANTON PA. 


Manufacturers 


CARL G STIFEL 
Centro! 


SPRAGUE & HENWOOD, Inc. 
Diamond Drill Contractors and 


Core borings for testing mineral 
deposits in any part of the world. 


CARL G. STIFEL REALTY CO. 


For industrial Plonts, Sites, 
of ony size... 
Stetes or Conede, write, 


Louis, Mo. 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 


Mineral Foundation 
Cores Guaranteed Testing 


DIAMOND CORE DRILLING 
CONTRACTORS 


Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Vo. 


COMPANY, INC. 


155 EAST 44TH STREET 
NEW YORK 17, N. ¥. 


Specialists in Design and Construction 
of Shajts and Tunnels 


UNDERPINNING & FOUNDATION 


EAVENSON & AUCHMUTY 
MINING ENGINEERS 


Mine Operation Consultants 
Coal Property Valuations 


2720 Keppers Bidg. Pittsburgh 19, Pa. 


T. W. GUY 
Consulting Engineer 
Coal Preparation 


To Yield Maximum Return 
Face and Product Studies 
Plant Design and Operation 
Kanawha V.Bidg. Charleston, W. Va. 


PENNSYLVANIA DRILLING 
COMPANY 


20, PA. 
CONTRACTORS 
ANUFACTURERS 


We coal an 
ane 
dams, bridges, 


PrercE MANAGEMENT, INc. 
MINING ENGINEERS 


Consulting. Service 


to to "Coal and Industries = 
Countries. 


States and 18 Foreign 


Electric Bidg. 
025 Connecticut Ave.. N.W. 
Washingten 6, D.C. 


foundation tion testing; 
buildings, etc. 


G. A. VISSAC 


Consulting Engineer 
COAL DRYING 
Vancouver Block 


Vancouver, 8.C. 


JOEL H. WATKINS 


Mining Geologist 
INDUSTRIAL MINERALS 
CHARLOTTE C. 8. 


HOLMES & NARVER, INC. 
Engineers e Constructors 


828 Seuth St. 
Les Angeles 17, Calif Trinity 8201 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 


Shippers Representatives 
624 Secramento Street 
SAN FRANCISCO 


808 Newhouse 


Phene 
Salt Lake y 4, Utah 


SENIOR, JUENGLING AND KNALL 
Engineers & Consultants 


Coal Pr & Mi 


ROGER V. PIERCE 
Mining Engineer Specialist 


Chicago 6, IIlinois 


PAUL WEIR COMPANY 

Minine ond Geol 
Consultants and Managers 
20 North Wacker Drive 


2109 Seventh Ave., South 
Birmingham, Als. 


CORE ORILLING 
BY CONTRACT 

and world’s iargest manefacturer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 


JOY MANUFACTURING CO. 
Contract Core Drill Division 
Michigan City, Indiana 


E. J. LONGYEAR COMPANY 
Foshay Tower Minneapolis, Minn. 


Consulting Mining Engineers 
and Geologists 
Minera! Mine 
Exploration Valuation 


The Original 
ALLEN GROU-TROL PROCESS ° 


Division 


and 


crews 
part of 


149 
New York 6,N.¥ 


WEISS GEOPHYSICAL CORPORATION 
Mining Seophysical surveys with aerial 
ground 


netic, gravimetric, 
thoas 


seismic and electrical me 
search and development. 
for systematic work in any 
the world. 


; re- 


eter 2-620 
Cable: 


Unten Trast 


J. W. Woomer & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 


Bidg., Pittsburgh, Pa. 
Nationa! Bank Bidg.. Wheeling. W. Va 


L. E. YOUNG 


Consulting Engineer 
Mine Mechonization — Mine 


t 


Oliver Building Pittsbergh, Pa 
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Drilling 
Geophysicists 
Management 
Metallurgical 
Reports 
= Valuations 
Coal Mining and Preperation 
Property Valuations 
Oliver Butiding Pittsburgh 22, Po. 
ALLEN & GARCIA COMPANY 
par 40 Years’ Service to the 
and 
Underground Mining Methods, Cost 
Cutting Andtysis | 
—Mine Mechanization—Mine Manage- | 
ment. | 
1 
: 
i a harleston | West Virgin 


G. P. Lutien, lvan Gwen, EB. A. Prentis, C 
Lestie Rice, and J. H. Scaff 

The Institute desires to extend its privi- 
leges to every person to whom tt can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to rewiew this list as soon as ” 
ble and tmmediately to inform the Secre- 
tary’s office tf names of people are found 
who are known to be unqualified for AIME 
membership. 

in the following list C/S means change oj 
status; RK, M, Memb 


Junior Member; A, Associate Member: S. | 
seociate. 


Student A 


Arizona 
Bagdad 


Jerome 


Bogart, Robert C. (J) 
Searis, Robert J. iJ) 


California 
Loa Angetes— Herron, Burrell J. (A) 
South Gate—Hunn, Wilbur B. (A) 


Colerade 
Clhmaz 


Brooks, Frederic H. (J) (R. J) 


Florida 
Tampa Younginer, B. Floyd, Jr. (J) 


Idahe 
Kellogg -Reynoids, Claude H. (M) ‘(C/S 
AM) 


Kansas 
Lawrence—Runnels, Russell T. (J) C/S- 


J) 


Kentucky 
Hasard—Stewart, Frederick F. (M) 


Michigan 
lronwood—Johnsen, Albert L. (M) 


Minnesota 
Crosby—Schemmel, Julius P. (M) 
J-M) 


Mentana 
Butte--Schmidt, Donald W. (J) (R.C/S 
8-J) 


Nevada 

Pioche-—Kessier, Elmer F. (J) 

New Jersey 

Hiliedale—Schiottman, Alfred W. (J) (C/S- 
J) 


Ken it-—-Rowen, Allen R. (A) 
North CaidwettLeitner, Adolph F. (A) 
Wharton—Horvath, Michael J. (J) 


New Mexico 
Cartabad—Herring, John J. (A) 
Silver City—Anderson, Loren E. 


New York 

New Rochetle— Lehmann, Ernest K. (J) 
New York—Malachyn, Michael A. (M) 
Niagera Fatis—Weish, David L. (M) 


Pennsylvania 
HastetonBrogan, John C. (A) 
Untonviile—-Marsh, William J. (J) 


Tennessee 

Ducktown 
J-M) 

Ducktown 


Annand, Albert D. (M) (R.C’'S 


Lee-Aston, R. (J) 
ttab 

Martin 8S. 

Sait Lake City--Snyder, Edward H., Jr. (J) 
Sait Lake City--Stevens, Victor L. (M) (R 
c 


West Virginia 
Charleston--Crichton, Griffith T. (M) 


Wisconsin 
River—Helge, Ellis C. (J) 
s-J) 


mcs 


Australia 

Victerta—Nixon, John C. (M) (C/S-—J-M) 

Kelgium 

Brusetles DeSmaele, Albert (M) 

Bolivia 

Catavt— Weisz, Herbert M. (M) 

Canada 

Whitehorse—-Hoggan, John E. F. (J) (R.C/S 
S8-J) 


land 
don — Wrobel, Stanislaw A. (M) 


Kenya 


Natrobt- Jewitt, Walter (M) 


Mexico 
Mexico City--Shelley, Alberto 
Parral-—Nielson, Alex E. (J) (C S-—S-J) 


Seuth America 
Segovia Meyer, Hermann (A) 
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Allen-Sherman-Hotf Pump Co. _ Third Cover 


Dee Cariton Brown, Advertising 


Allis-Chaimers Mfg 


Compton Advertising, Inc. 


625, 654 


American Cyanamid Co. 


James J. McMahon, Inc. 


American Manganese Stee! Di, 
American Brake Shoe Co. 
Fuller & Smith & Ross, Inc. 


Copper Mining 
Kenyon & Eckhardt Inc. 


Carlon Products Corp. 
Penn and Hamaker, Inc. 


Chicago Pneumatic Tool Co. 
G. M. Basford Co. 


Colorado Fuel & Iron Corp. 
Doyle, Kitchen & McCormick, Inc. 


Deister Concentrator Co. 


Louis B. Wade, Inc. 


Denver Equipment Co. 


Bill Bonsib Adv. 


Detroit Diesel Engine Div. 


Kudner Agency, Inc. 


Dorr Co., The 
Sutherland-Abbott Adu 


Dow Chemical Co., The 
MacManus, John & Adams, Inc 


Eimco Corp., The 


Matsie Co 

Flexible Steel Lacing Co. 
Kreicker & Meloan, Inc 
The Buchen Co : 


General Electric Co. 
G. M. Basford Co 


Hardinge Co., Inc. 
The W. H. Long Co. 


Hawthorne Inc., Herb J. 


Brennan Adv 


Hercules Powder Co. (Explosives) 
Fuller & Smith & Ross, Inc 


Hercules Powder Co. (Flotation) 


Fuller & Smith & Ross, Inc. 


Hey! & Patterson, Inc. 
Dan A. Sullivan Adv. 


Rickard & Co. 


International Nickel Co., Inc. 
Marschalk & Pratt Co. 


Advertisers’ 


Jettrey Mtg. Co. 


Byer and Bowman 


Joy Mfg. Co. 
Waiker & Downing 
Le Roi Co. 
Hoffman & York, Inc 


Co., E. J. 
F.H. Faber Adv 


Lubriplate Div., Fiske Bros. Refining Co. 716 
E. M. Freystadt Assoc. 


Mine & Smelter Supply Co 720 


The Shaw-Schump Adv. Agency, Inc 


Mine Sofety Appliances Co. Fourth Cover 
Ketchum, MacLeod & Grove, Inc. 


Morse Bros. Machinery Co. 
Max Goldberg Adv. Agency 


Naylor Pipe Co. 
Fred H. Ebersoid, Inc 


Nordberg Mfg. Co. 


Russell T. Gray, Inc 


Pennsylvania Crusher Co. 


The Lyle T. Johnston Co 


Sewerman Bros., Inc. 
Symonds, MacKenzie & Co. 


Sheffield Steel Co. 
R. J. Potts-Caikins & Holden Adv 


Smit & Co., Inc., Anton 
Laughttin-Wilson-Baxter & Persons 


Smit & Sons, Inc., J. K. 
Mercready, Handy & Van Denburgh 


Sprague G Henwood, Inc. 
Frederick B. Garrahan Adv 


Stearns tic, Inc. 
Eldred Vetter Agency 


Stearns-Roger Mfg. Co. 


Gray & Co., Inc. 


Texas Gulf Sulphur Co. 


Sanger-Funnell, Inc 


Traylor Engineering & Mfg. Co. 
The William B. Kamp Co. 


Tyler Co., W. S. 


U. S. Steel Co. 
Columbia-Geneva Steel! Div. 
Tennessee Coal & Iron Div. 
U. S. Steel Export Co. 


Batten, Barton, Durstine & Osborn, 
Inc 


Western Machinery Co. 
Walther-Boland Associates 
Wilfley & Sons, Inc., A. R. Second Cover 
Ed M. Hunter & Co. 
Wilmot Engineeri . 719 
Wilbur A. Myers Adv 


Yubo Mfg. Co. 
Geo. C. McNutt Adv. 
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Two twelve-inch dredge pumps 
were put through the following test. One was 
of conventional design; the other, a Hydro- 
seal, had clear sealing water between the 
impeller and side plates to prevent enlarge- 
ment of the clearance. To simulate normal 
wear conditions in the conventional pump, 
clearances between the impeller and side 


plates were set at 14", and A head 
of 160 feet was developed for each test, 
and all other conditions were uniform for 
both pumps. 


As can be seen above, the Hydroseal demon- 
strated superior performance right from the 
start, and since its initial performance is 
maintained without appreciable loss through- 
out pump life, this superiority will steadily 
increase as time goes on, 

If you're investing in dredge, sand, or slurry 
pumps, find out what Hydroseals can do for 


you, Write for Catalog No. 451. 


THE ALLEN-SHERMAN-HOFF PUMP CO. 
Dept. C —259 E. Lancaster Ave., Wynnewood, Pa. 
Representatives in Most Principal Cities 


i 
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Keep your haulage 


AHEAD of PRODUCTION 


with the MeSA 


MinePhone 
COMMUNICATION SYSTEM 


Reduces frequency of 
motormen ond snap- 
pers getting on and 
off trips—saves time 
—evoids injury. 


Prevents excessive 
stop-and-start strain 


Keeps main line haul- 
age-ways free of 
traffic tie-ups. 


Maintains better con- 
trol of “empties” for 
peak looding effi- 
ciency. 


time-saving under- 


Coordinates trip traffic 
for safer, more produc- 
tive hovlage control. 


With mechanization increasing production, your haulage 
system must “keep ahead” to realize maximum tonnage. 
The M.S.A. MinePhone helps fill this need by providing 
a modern underground system that maintains smooth, 
continuous trip movements throughout the mine. 
Sending dispatcher’s orders instantly and simultane- 
ously to all motormen, who can reply or communicate 
with each other while trips are in motion, the M.S.A. 
MinePhone coordinates haulage movements with pro- 


SAFETY EQUIPMENT HEADQUARTERS 


When yeu heve satety prottem, is of your servies. 
Ger job is to hetp you. 


@uction défiands. Messages, transmitted on an “open 
line” hook-up, keep the track ahead clear for outgoing 
loaded trips and incoming “empties.” 

The MSA. MinePhone brings greater underground 
safety, too. Track conditions, derailments, or roof falls 
can be reported immediately. Time-consuminy calls to 
each individual are eliminated—a. big advantay« in 
emergencies. Write today for complete details sia 
modern, re-ny voice communication system. 


MINE SAFETY APPLIANCES COMPANY 


BRADDOCK, THOMAS AND MEADE STS., PITTSBURGH &, PA. 
At Your Service: 66 Branch Offices in the United Stotes 


MINE SAFETY APPLIANCES CO. OF CANADA, LIMITED 
Toronto, Montrec!, Calgary, Winnipeg, Vancouver, New Glasgow, N.S. 
in Principal Cities in Mexico, Contra! and South Americo 


a 
Eliminates trip delays 
necessary when per- 
manent telephone in- 
— , error and accidents. 
; 
a 


